
Australia 85c 
New Zealand 85c 
South Africa 80c 
Rhodesia 80c 
Malaysia $2.25 


Also: 

Transient Generator' 

Day Indicator 

Microprocessors I 
- Explained... Part 2 


Special 2 F 
^ Feature 






Stirling Sound 


NEW THIS MONTH 


UNIT TWO MAGNETIC 
PRE-AMP WITH ACTIVE , 
TONE CONTROLS 



£10-85 


100 Watt R.M.S. POWER AMP and 
matching 70V POWER SUPPLY 

Your chance to save £1-95 



MORE STIRLING SOUND Q.V. MODULES TO SAVE YOU MONEY 

UNIT ONE TONE 
CONTROL PRE-AMP 



POWER SUPPLY UNITS 


Combined pre-am 


±15dB at 10kHz treble 


POWER AMPLIFIERS 

3 TO 40 WATTS R.M.S. 


FM TUNING MODULES 



SS.103-3 Sterec 


88-108MHZ 
SS.202 IF. a 

A.F.C. facilitii 


NOW 

8 

MODELS 
TO CHOOSE FROM 
ransformers and low-volt 


TONE CONTROLS/ 


or't’ypMor^o? earth ' SS.345 45V/2A £6-25* 


WHAT Q.V. 


TO YOU 


tirling Sound 16 large page equipment and components price list 


Biji^iihliiiinTl 

Dept. PS4° m 22 e 0-‘224’west , R e oa'd, r 'WesfcTiff-on-Sea. Essex 
SSO 9DF Phone Southend (0702) 46344 


De-luxe 25 watt hi-fi amp bargain 

Made to sell at £7-25 
LIMITED NUMBER A VAILABLE A 
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TAMBA ELECTRONICS SiHK.- 

AMPLIFIER AND MIXER MODULES 25 WATTS-100 WATTS RMS 


TAM1000 100W 4 ohms 65V 
TAM500 50W 4 ohms 45V 
TAM250 25W 8 ohms 45V 

POWER SUPPLIES 
For 1 or 2 TAM250/500 
For 1 or 2 TAM1000 

(Carriage 50p on supplies) 


I Suits loads 4-16 ohms 
I 20-20,000 Hz ±1dB 
I Silicon circuitry throughout 
I Glass fibre P.C.B. 

I High sensitivity (100mV 10k) 



-SXM^ALL purpose 

MIXER/PRE-AMP. 


Suitable for multiple input systems , 
High and low impedance inputs 
High sensitivity 
Built-in supply smoothing 




imple connections 


"rfS 


You may order as follows: C.W.O. (crossed cheques, P.O.s, M.O.s etc)—C.O.D. (60p 
extra). We accept Access and Barclaycard—send or telephone your number—do not 
send your card. Add VAT at 8% to orders for 50 and 100W units and at 12J% for 25W units. 


Hours, 9.30 a.m.-5 p.m. 
Monday — Saturday. 
Callers welcome. 
Tel: (01) 684 0098 


TAMBA ELECTRONICS 

Bensham Manor Road Passage, Bensham Manor Road, Thornton Heath, Surrey. 


LEKTROPACKS 

17 Turnham Green Terrace, Chiswick, London, W.4. Tel: 01-994 2784 
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Bring 'scope'to your interest. 



'There's only one way 
to master electronics... 
to see what is going 
on and learn by doing: 

This new style course will enable anyone to 
have a real understanding of electronics by'a 
modern, practical and visual method. No 
previous knowledge is required, no maths, and 
an absolute minimum of theory. 

You learn the practical way in easy steps 
mastering all the essentials of your hobby or to 
further your career in electronics or as a self- 
employed electronics engineer. 

All the training can be carried out in the 
comfort of your own home and at your own 
pace. A tutor is available to whom you can 
write, at any time, for advice or help during 
your work. A Certificate is given at the end of 
every course. 



1 Build an oscilloscope. O Read, draw and 

■ As the first staoe of vour training vou ™ UndefStOnd CiTCUlt 


1 As the first stage of your training, . 
actually build your own Cathode ray 
oscilloscope! This is no toy, but a test 
instrument that you will need not only 
for the course’s practical experiments, b 
also later if you decide to develop your 
knowledge and enter the profession. It 
remains your property and represents a 
very large saving over buying a similar 
piece of essential equipment. 


diagrams. 

I n a short ti me you wil I be able to 
read and draw circuit diagrams, under¬ 
stand the very fundamentals of television. 



O Carry out over 40 
w experiments on basic 
circuits. 


We show you how to conduct 
experiments on a wide variety of different 
circuits and turn the information gained 
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15-240 WATTS! 


HY5 

Preamplifier 


The HY5 is a mono hybrid amplifier ideally suited for all applications. All common 
input functions, (mag Cartridge, tuner, etc.) are catered for internally, the desired 
function is achieved either by a multi-way switch or direct connection to the 
appropiate pins. The internal volume and tone circuits merely require connecting 
to external potentiometers (not included). The HY5 is compatible with all I.L.P. 
power amplifiers and power supplies. To ease construction and mounting a P C. 
connector is supplied with each pre-amplifier. 

FEATURES: complete pre-amplifier In single pack: multi-function equalisation: low noise: low 
APPLICATIONS: hi-fi: mixers; disco: guitar and organ: public address. 


Price £5-22 + 65p VAT. P. & P. free 

HY5 mounting board B.l. 4tp + 6p VAT. P. & P. free \ 

The HY30 is an exciting New kit from I.L.P. It features a virtually indestructible 
I.C. with short circuit and thermal protection. The kit consists of: I.C., heatsink, 

P.C. board, 4 resistors. 6 capacitors, mounting kit. together with easy to follow AW All AQI C 

15W into ft n construction and operating instructions. This amplifier is ideally suited to the MVMILMDLC 
beginner in audio who wishes to use the most up to date technology avails 


HY30 


EX STOCK 


HY50 

25W into 80 


Price £5-22 + 65p VAT. 
The HY50 leads I.L.P 
The amplifier features t 


HY120 

60W into 80 


HY200 

120W into 80 


HY400 

240W into 40 






TWO YEARS’ GUARANTEE ON ALL OUR PRODUCTS 


Kent CT4 7AD 

Tel (0227) 63218 
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XR-2206KA 

FUNCTION GENERATOR KIT 

FEATURES 

Low sinewave distortion (THD 0-5%)— 
insensitive to signal sweep 
Excellent stability (20 ppm/°C, typ) 

Wide sweep range (2000:1, typ) 

Low supply sensitivity (0-01%/V, typ) 

Linear amplitude modulation 
Adjustable duty-cycle (1% to 99%) 

TTL compatible FSK controls 


RaSTRS ELECTRONICS LTD. 

275-281 King Street ■ Hammersmith ■ London W6 9NF 
Tel. 01 -748 3143 / 2960 Tetex24443 

New Low Price! 

• ONLY £10-96, complete 

• BY RETURN POSTAL SERVICE in¬ 
cludes: postage, packing, insurance 
and VAT 

• IMMEDIATE EX-STOCK DELIVERY 

• CALL-COLLECT SERVICE ALSO 



Sine, triangle and square wave 
Total harmonic distortion 
(THD), 0-5% typ. 

AM/FM capability 4 

Frequency range: 1Hz to 100kHz 

XR-2206KA 

Includes monolithic function generator 

1C, PC board, assembly instruction manual and Augat 1C 

socket. 

Note: The kit requires some additional parts and hardware 
for complete assembly in a laboratory equipment form. 



APPLICATIONS 

Waveform generation—sine, 

square, triangle 
Sweep generation 
AM/FM generation 
FSK and PSK generation 
Voltage-to-frequency conver¬ 
sion 

Tone generation 
Phase-locked loops 


We also supply a wide range of discrete semiconductors, linear and digital ICs (including clock and 
communication circuits), breadboarding equipment, accessories, and the entire range of Augat 1C sockets, 
plugs, wirewrap boards and systems. Callers welcome. 



it's electronic^ 


The Home Radio Components catalogue has 200 
pages filled with over 5,000 items, well over a thousand 
of them illustrated. With every catalogue comes a free 
bargain list showing many items at such give-away 
prices that the savings can pay for the catalogue 
several times over. The catalogue costs just £1 plus 
40p for post and packing. Send for one today! 


HOME RADIO (Compon 
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SYNTHESISERS, SOUND EFFECTS ANC 



























































3THER PROJECTS 



loin the Digital 
Revolution 

Understand the latest 
developments in calculators, 
computers, watches, telephones, 
television, automotive instrumentation. . . 

























































































































THE ESSENCE OF CONSTRUCTING 

O ne dare hardly take one’s eyes off the semiconductor 
industry these days. Blink, and the arrival upon the 
electronics scene of some fabulous new chip or discrete might 
well be missed. So it is not at all surprising that other important 
matters, less exciting or glamorous maybe bqt still essential for 
our purposes as constructors of electronic equipment, are rather 
neglected or taken for granted. 

Putting It Together is the title of our special supplement this 
month and the phrase describes in plain unadorned language 
what it’s really all about. The practical realisation of a circuit 
is the central activity for constructors, and everything else is 
subservient to this end. The skills and techniques involved in 
building electronic equipment have no particular mystic attached 
to them and they are readily acquired and applied. This is not to 
suggest that in contrast to circuit developments, the mechanics 
of assembly and wiring of components are standardised, and 
unaffected by changes in electronic technology. The reverse is 
of course true. 

We have all learnt to appreciate the blessings of solid state, 
for the lightening of labours concerned with assembly operations. 
Nowadays assembly work is performed on a miniature scale 
approaching that of the instrument maker. And present indica¬ 
tions are that the nature of this work will become further refined. 
Some traditional methods may be replaced. For example, the 
soldering iron may have to give way to the wire wrapping tool 
in certain applications, notably where microprocessor chips are 
involved. 

Another thing we have become accustomed to is the higher 
standard of appearance of projects now possible thanks to the 
wide range of housings available on'the market. Plastics has 
come into its own here, providing wide choice in small cases and 
cabinets which are natural homes for many self-contained elec¬ 
tronic gadgets and instruments. Metal cases are also offered in 
variety and meet the requirements of larger equipments or for 
applications where a metal enclosure is an advantage if not an 
actual necessity. Ready made cases and cabinets make the 
constructor’s task easier and give his handiwork an attractive 
and acceptable appearance for all manner of environments. 

Though “metal bashing” has largely disappeared from the 
scene, along with the valve, some experience in working with 
sheet metal remains a valuable attribute for any electronics 
constructor. There is always the possibility of special or unusual 
requirements arising that cannot be met by using ready-made 
items. Even if not for fabricating in the entire, some elementary 
knowledge and skill appertaining to metal working in general is 
desirable, if only for modifying existing articles or making 
accessories such as special brackets and the like. 

The essence of constructing will be found in this month’s 
supplement: from the mounting of components and their wiring 
up, to the enclosure of the completed circuit assembly within an 
appropriate housing and the final embellishing of its outer 
surface. Newcomers to electronics and also those many 
regular followers of P.E. Avho enjoy reading about electronics 
but have yet to become practically involved should find Putting 
It Together of especial interest and value. 


1NOLD Assistant Editor 
RINGTON Production Editor 
>BOLD Technical Editor 


JUNTNEY Art Editor 
CODING 
IODMAN 
“>ODRUFF 
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VOLTMETER 

By A. J. Buxton 


T his article describes the operation and construction 
of a 3A-digit digital volt meter using an integrated 
circuit made by Ferranti. The ZNAU6 is a standard 
product application of the Ferranti Uncommitted 
Logic Array (ULA) and provides all the logic functions 
necessary for a ±1999 range DVM. The dual slope 
integration technique of measurement is used, thus 
eliminating the need for a high stability capacitor and 
oscillator. The circuit is contained in an attractive steel 
cabinet, which provides a degree of r.f. protection. 
Most, of the components are mounted on two printed 
circuit boards, the power supply and input attenuator 
being the only free mounted parts. 

The construction and calibration of this instrument 
is very simple. The only test instrument required for 
fault finding is a multimeter. Providing reliable com¬ 
ponents are used, no problems should be experienced, 
the only difficulty may be in obtaining an accurate 
standard. 

THE ZNA116 INTEGRATED CIRCUIT 

The ZNA116 is a 24-lead DVM logic circuit. The 
system diagram is shown in Fig. 1. This integrated 
circuit features: 

3J decade drivers (±1999 maximum reading). 
Automatic polarity detection and indication. 



Leading zero suppression. 

Overload indication. 

Multiplexed bcd outputs. 

External input to blank display. 

Internal adjustable oscillator. 

Single five volt rail operation with a supply current 
of only 10mA. 



SPECIFICATION 


Maximum Display 

Reading: 

±1999 

Readings Per 

Second: 

2i typical 

Typical Accuracy: 

(1 volt range) 

0-1 % per °C 

Input Impedance: 

lOOkfi for 1 volt 
range 

200kD for 10 volt 
range 

2MD for 100 volt 
range 

20MD for 1,000 
volt range 

Total Supply 
Current: 

(all segments on) 

200mA typical 
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Table 1 gives all the pin details and operational 
functions of the ZNA116. 

The dual slope integration method can be described 
best by referring to Fig. 2. At a time Tl, S2, S3 and S4 
are open and SI closes to apply an input voltage, Vin to 
the integrator. The integrator capacitor C charges up 
linearly until time T2 which is 4,000 clock pulses after 
Tl. The voltage at the integrator output, Vx at time T2 
is proportional to Vin. 

At time T2, SI is opened and either S2 or S3 is closed, 
to apply a reference voltage of opposite polarity to Vin, 
to the integrator. Thus C is made to discharge at a 
constant rate and at time T3 the'output voltage of the 
integrator will again be zero. This is detected by the 
comparator and the reference voltage is now switched 
off and the number of clock pulses corresponding to Tx 
will be transferred to latches and displayed. This number 
is proportional to Vx and hence is proportional to Vin. 
If Tx exceeds 2,000 clock pulses, an overload condition 
is indicated. 

At a time T4, which is 3,000 clock pulses after T2, 
S4 closes to completely discharge the capacitor. At 
time T5, which is 4,000 clock periods after T2, S4 opens 
and the cycle is repeated. 


Table 1: PINNING AND FUNCTIONAL 
DETAILS—ZNA116 


Pin 

Name 

Function 

1 

Earth 

Supply 0 volts 

2 

f/100 output 

Output at 1/100 of clock 
frequency 

3 

Clock input 

External clock input, or link to 
pin 14 for internal clock 

4 

Ml 

Digit drive output, M.S.D. • 

5 

M2 

Digit drive output, 2nd M.S.D. 

6 

M3 

Digit drive output, 3rd M.S.D. 

7 

M4 

Digit drive output, L.S.D. 

8 

Blank input 

Hold at logic 1 to blank 
display 

Hold at logic 1 to blank lead¬ 
ing zeros 

9 

D.P. input 

10 

A 

2° BCD data output 

11 

B 

2 1 BCD data output 

12 

C 

2 2 BCD data output 

13 

D 

2 3 BCD data output 

14 

Oscillator 

output 

Link to pin 3 for internal clock 

15 

Oscillator 

input 

External components, con¬ 
nected to this pin, control 
clock frequency 

16 

+ VE reference 
switch output 

When at logic 1, connects 
+ ve reference voltage to the 
integrator 

17 

— VE reference 
switch output 

When at logic 1, connects 
— ve reference voltage to the 
integrator 

18 

— Sign output 

Goes to logic 1 when measur¬ 
ing — ve input 

19 

+ Sign output 

Goes to logic 1 when 
measuring +ve input 

20 

Comparator 

input 

Signal from the external 
comparator 

21 

Signal switch 
output 

When at logic 1, connects 
voltage to be measured into 
the integrator 

22 

V 0B 

Supply +5 volts 

23 

Reset switch 
output 

When at logic 1, turns on 
switch to completely dis¬ 
charge integrator capacitor 

24 

Overload 

output 

Goes to logic 1 if count 
exceeds 2,000 



INTEGRATOR COMPARATOR 


(a) 



Fig. 2. Dual slope integration technique. 

(a) Basic circuit diagram 

(b) Waveforms produced during measurement cycle 


If SI is closed for a time which is a multiple of 20ms, 
any 50Hz mains ripple superimposed on Vin will be 
integrated to zero and thus good mains rejection is 
obtained. The integrating capacitor, C, and oscillator 
only need good short term stability to achieve high 
accuracy. 

THE PRACTICAL DVM 

The explanation of the dual slope system can be 
related to the practical circuit of Fig. 3. The integrator 
and comparator are ZN424 linear amplifiers Which only 
need a single five volt power rail. The reference voltages 
are derived from the ZN423 precision voltage reference 
source. The switches are transistors operated by outputs 
from the ZNA116. 

The measuring sequence is as follows: 

A. Pin 23 goes to logic 0, the capacitor C7 has been fully 
discharged and is ready for integration. 

B. Pin 21 goes to logic 1, the input signal is connected 
to the integrator for 4,000 clock periods. 

C. Pin 21 goes to logic 0, disconnecting the input signal. 
Pin 16 or 17 goes to logic 1. This connects either the 
positive or negative reference to the integrator. The 
output from the comparator during (B) determines 
which one. Clock pulses are counted until the compara¬ 
tor changes state when pin 16 or pin 17 returns to logic 
0 . 
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COMPONENTS 


R1 16k 0 2% hi-stab. 

R2, R33 68kO 2% hi-stab. 

R3-R9 1500 (7 off)' 

R10-R12 1'5kO (3 off) 

R13, R18, R19, R20 3'3kO 
R14 33kO 

R15, R26 15kO 

R16, R17 6800 

R21 1000 

R22, R23 lOOkO 

R24, R25, R31 lOkO 

R27 27kO 

R28 1 MO 2% hi-stab. 

R29, R30, R36 51 kO 2% hi-stab. 

R32 4700 

R34 lOkO 2% hi-stab. 

R35 5600 

R37 240kO 2% hi-stab. 

R38 1800 

R39, R40 10MO 2% hi-stab. 

R41 2MO 2% hi-stab. 

R42 180kO 2% hi-stab. 

R43 22kO 2% hi-stab. 

All resistors 10% |W carbon except where indicated 


Potentiometers 
VR1 ' 

VR2, VR3 
VR4, VR5, VR6 


lOOkO Bourns 3009P\0-75in 
5kO Bourns 3009P/Helical Trim 
4-7kO Carbon Pre-Set 


Capacitors 

Cl 

C2, C4 
C3, C5 

C6, CIO, C11, Cl2, C14 

C7 

C8 

C9 

Cl 3 


Transistors and Diodes 
TR1, TR2, TR3, TR4 
TR5-TR11, TR13-TR16 
TR12 
D1, D2 
D3, D4 


Integrated Circuits 
IC1 ZNA116 
IC2 ZN7447 
IC3, IC4 ZN424 (2 off) 

IC5 78M05 5V 500mA regulator 

Displays 
LED1 DL701 
LED2, 3, 4 DL707 


Miscellaneous 

51 4-way 4-pole wafer switch 

52 d.p.s.t. mains switch 

T1 8-0-8V 500mA mains transformer 
SKI, SK2 4mm sockets (2 off) 

FS1 2A 20mm fuse and holder 
8-way tag strip, i.c. sockets (soldercon pins used for 
ICt), printed circuit boards, case, nuts, bolts, 
washers, standoffs, brackets (Electrovalue R4002), 
insulator and mica washer for regulator IC5, circularly 
polarised filter for display 


2,200pF ±2-5% 
0’033[iF ±20% 

68,u.F 10VW elect. 

0-1 ptF ±20% 

2-2(iF ±10% 

0-0VF ±20% 

470pF ±20% 

2,200[iF 25VW elect. 


ZTX4403 (4 off) 
ZTX108 (11 off) 
ZTX213 
ZN423 
ZS170 



D. On the next negative edge of the clock pulse, the 
count is transferred to the latches. The display is 
multiplexed at one fortieth of the clock frequency. 


E. 7,000 clock periods after the sequence start pin 21 
goes to logic 1 for 1,000 clock periods. This discharges 
the capacitor and the sequence starts again. 

The output from the ZNAU6 is in bcd format. This 
is converted to seven-segment code by a 7447 which 
also drives the display. The display is multiplexed which 
means that only one of the seven-segment displays is 
driven at a time. The display to be driven is determined 
by the state of pins 4, 5, 6 and 7 of IC1. For instance if 
pin 5 is at logic 0, TR3 is turned on. This allows current 
to flow through any driven segment of the second 
display, LED2. Pin 5 will then go high and pin 6 low, 
which will allow the third display to be driven. This 
sequence is carried out at 500 times a second so the 
human eye sees all the displays constantly lit. 

The DVM has leading zero suppression which is 
accomplished by connecting logic levels to pin 9 of the 
ZNA116. On the I volt range, pin 5 is connected to pin 
9 of the ZNA116 and will cause ± 000 to be displayed. 
On the 10 volt range, pin 6 is connected to pin 9 which 
will cause ± -00 to be displayed with no input. On the 
100 volt range and 1,000 volt range, only the last zero 
will be displayed. The decimal point is selected by the 
range switch. 

The input attenuator is shown in Fig. 4. This is hard¬ 
wired on the range switch which is a four-way, four-pole 
rotary switch. The 5kft variable resistors are miniature 
skeleton presets. The input impedance is lOOkO on the 
1 volt range and 20kf2 per volt on the other ranges. 
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Fig. 5. A flashing 
“over-range” 
indication can 
be incorporated 
by adding this 
circuit 


If the instrument is trying to measure a voltage that 
is greater than the range limit an overload condition is 
seen. Pin 24 will go to logic 1. This instrument has the 
overload indicator output wired to the blank display 
input (pin 24 to pin 8). This will blank the display on 
overload. The display can be made to flash if a diode is 
connected from pin 8/pin 24 to pin 21, as shown in 
Fig. 5. 

The ZNA116 has an internal oscillator, the frequency 
of which is set by R1, R2 and C1. This instrument has an 
oscillator frequency of 20kHz, giving 2-5 readings per 
second and an integration time of 200ms. As 200ms is a 
multiple of mains frequency, any mains ripple on the 
input during measurements is cancelled out. 

The power supply shown in Fig. 6 consists of an 
8-0-8 volts, 500mA transformer, a full wave rectifier 
and an integrated circuit regulator. The 78M05 pro¬ 
vides a stable 5 volt rail to enhance the linear circuit 
performance. 



Internal view of author's prototype DVM, showing 
power supply components mounted on bottom of 


ASSEMBLY 

The boards used in the DVM are shown in Figs. 7, 8, 
9 and 10. The assembly should be carried out in the 
following order: wire links, i.c. sockets, resistors, 
capacitors, transistors and finally diodes. Do this on 
both boards, then wire the interconnecting leads, 
power supply leads and decimal point leads. When this 
is finished, check the soldering and then insert the i.c.s 
and displays in their sockets. 'The Analogue board is 
kept clear of the case floor by 12mm spacers on the 
fixing bolts. The Digital board is secured by means of 
two small angle brackets. The range switch is better 
wired before mounting on the box. Cut the leads to it 
to the correct length and then solder to the switch lugs. 
The attenuator resistors can be mounted directly onto 



Fig. 6. Power supply circuit. Note that the d.c. 
supply is isolated from chassis 



The cabinet used for the DVM is a standard instru¬ 
ment case drilled as shown in the photographs. After 
drilling remove all burrs, especially around the regulator 
fixing hole. 

Before mounting the boards in the box, mount the 
input sockets, mains switch and fuse and the power 
supply components. NOTE: THE REGULATOR 
MUST BE ISOLATED FROM EARTH. The power 
supply is isolated from earth so that a full positive and 
negative range can be realised. Wire up the power 
supply and test for 5V ±0-2V output. If the supply 
leads are made long the boards may be tested outside 
the box. This may make checking and correcting mis¬ 
takes a little easier. 

When all connections are made check the wiring 
carefully including the external links on the two boards. 
There should be five on the analogue board and 12 on 
the digital board. 


Front view of the Digital and Display board 
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ANALOGUE BOARD 



Fig. 7. Printed circuit board track layout, shown full size 



Fig. 8. Component layout and external connections 
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DIGITAL AND DISPLAY BOARD 



Fig. 9. Printed circuit board track layout, shown full size 



Fig. 10. Component layout and external connections. 
Links and connections shown in broken line are made 
on the copper side of the board 
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FUN AND GAMES 

By now everyone must be familiar 
with the new generation of TV games 
units on sale as kits, ready made units 
and even advertised on the back of 
the breakfast cereal package! Unlike 
previous games which had limited 
facilities and used large numbers of 
ttl i.c.s the new games all used 
that great equaliser, an mos LSI chip 
which provides an interesting variety 
of games at a low cost! 

You may have been thinking that 
the manufacturers of these new 
games units must have developed 
their own chip design and are prob¬ 
ably sitting on it very tightly, but this 
is not so, and in fact of the various 
games available, most use a common 
chip made by General Instrument 
Microelectronics (G.I.M.) and coded 
the AY-3-8500. 

As far as I can see, there is no 
reason why these chips should not 
be freely available to amateurs apart 
from the fact that the games manu¬ 
facturers are gobbling up all that 
G.I.M. can produce, making them as 
rare as the proverbial rocking-horse 
droppings for the moment at least! 
If you can’t wait (by the time this 
appears you may not need to) it is 
possible to obtain a chip at a price of 
£10 from Videomaster who offer 
them as spare parts for their own 
series of “Superscore" games, but I 
rather suspect that the open-market 
price will be less than this if you can 
hang on for a while. 

Making a games unit with the 
AY-3-8500 is not difficult since all the 
clever bits occur inside the portals 
of the 24-pin plastic package, the only 
other major component required 
being a v.h.f. or u.h.f. modulator, 
which is available ready built at a 
reasonable price if you do not want 
to build one. 

Just to whet your appetite, the 
AY-3-8500 provides six game types, 
three for two people, i.e. football, 
tennis and squash, and three for one 
person, i.e. solo and rifle shooting 1 
and 2 which requires a photo-cell 
type rifle attachment. 

The ball games have a variety of 
switchable options including ball 





Fig. 1. An efficient lamp dimmer 
using the VMP2 

speed and bat size, and all games 
feature on screen numerical scoring 
and an audio output to drive a speaker 
for realistic “Hit" sounds. The control 
of bat position can be achieved with 
a couple of slider pots, and the whole 
unit will run from a 9V battery. 

MORE VMOS 

Recently, I featured the VMP1 from 
Siliconix, a breakthrough which 
brings power handling capability to 
the other well known advantages 
of mos technology. The VMP1 was 
packaged in a T03 can and could 
switch 1 amp in just 4 nanoseconds, 
without risk from the usual bipolar 
nasties of second breakdown, ther¬ 
mal runaway or minority carrier 
storage. 

The VMP1 just had to be the fore¬ 
runner of what will become a standard 
power device family and already 
Siliconix have announced "Son of 
VMP1”, and some variation on the 
theme. 

“Son of VMP1” is the VMP2 which 
comes in a T039 can but can still 
switch currents of 1 amp or so in a 
few nanoseconds making it just 
about perfect for the interface of 
cmos logic to the real world of 
hefty relays, thirsty lamps and strident 
speakers! 

Variations on the theme are pro¬ 
vided by the VMP11 and VMP12, 


which have higher drain to source 
voltages (60V and 90V respectively) 
than the VMP1, and the VMP21 and 
VMP22 which have the same attri¬ 
butes but in the smaller VMP2 type 
package. 

Siliconix have produced an appli¬ 
cation note (AN76-3) titled "VMOS— 
A Breakthrough in Power Mosfet 
Technology” which describes the 
unique vertical channel construction 
of the VMP devices and is stuffed 
with interesting applications ranging 
from the simple cmos driven switch 
to a 40W hi-fi amplifier and a 144 to 
146MHz linear 5W r.f. amplifier. The 
wide application spectrum and the 
simplicity of the supporting circuitry 
necessary when using VMOS devices 
gets it my vote for the technology 
most likely to succeed in 1977, and I 
feel that this is an area to keep an eye 
on! 


REAL PROSPECT 

Well it had to happen I suppose. 
Raytheon have gone and put a voltage 
to frequency converter into an 8-pin 
mini-dip package making those 
recently exotic devices a real prospect 
for a multitude of amateur projects. 

The diddy V to F, coded Raytheon 
4151, is no mini when it comes to 
performance though it offers up to 
±0-05% linearity and 100ppm/°C 
temperature coefficient, and can be 
wired as a frequency to voltage 
converter too. 

If you can settle for 1 per cent 
linearity it is possible to use the 4151 
with a single supply but for the (M)5 
per cent specification you will need 
an extra op. amp. and split supplies. 

The V to F’s can be used with 
counters as analogue to digital con¬ 
verters, used to record d.c. signals on 
to audio tape recorders, with a com¬ 
panion F to V as an analogue data 
transmission channel or for all kinds 
of electronic music applications 
which set the mind a boggling. 

The 4151 can be programmed for a 
wide range of scale factors (volts in 
versus frequency out) from 1Hz to 
100kHz per volt, and its output is open 
collector to simplify interface to 
ttl or CMOS. 
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A lthough one might find various odd applications 
for this device, the main intention in its design was 
to help an elderly person, as it is often more important 
for such a person to know the day of the week, than the 
exact date. The routine of a senior citizen’s life often 
revolves on a weekly basis, with, for example, a regular 
visit to a day centre, or a call from the home help. An 
elderly person can be very absent minded, and may 
forget what has been said within minutes, and so it is 
hoped that this device will provide a graphic visual 
stimulus more easily remembered, and also be around to 
prompt the memory when necessary. 

The mechanical design of the unit is specifically 
intended to give an easy action, with a microswitch 
pushbutton, and a clear l.e.d. display against large 
lettering. For safety, the unit is powered by a battery of 
manganese-alkaline cells rather than mains. This gives 
a life of at least one year, although it may be possible 
to improve on this, using mercury hearing aid cells. 

LOGIC 

The device makes use of cmos integrated circuit logic 
to achieve extremely low power consumption, the 
display being enabled only by the pushbutton when 
viewing is required. The generation of one pulse per 
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Fig. 2. Printed circuit and component layout of prototype. Note that on 
the prototype, resistors R18to R23 have been eliminated by placing R17 
in series with the Read Day switch. 


COMPONENTS... 


Resistors 

R1 820k G* 

R2 IMG 

R3 T5MG 

R4 2-2MG 

R5 82k G 

R6 2'2MH 

All resistors £W 10%. 


R7 6'8MG 

R8 IMG 

R9 IMG 

R10-R16 18kG (7 off) 
R17-R23 470 G (7 off) 

'see text. 


Capacitors 

Cl 0-ltxF C5 OOlpF* 

C2 0'47jiF 
C3 0-1 nF 

C4 '0-Olp.F disc type 


V 


Semiconductors 

TR1 2N5777 

TR2-TR8 BC108 (or equivalent) (7 off) 

D1-D2 1N4148 

D3-D9 TIL209 l.e.d. (7 off) 

*D10 1N4148 


Integrated Circuits 
I Cl CD4093 
IC2 CD4022 

Miscellaneous 

Metal box 164 x 74 x 50mm. 

Microswitch pushbutton 
Microswitch (to mount internally) 

Battery holder 

4xMN 1500 (HP 7 size) cells 
Printed circuit board 

Eight way printed circuit connector, or Veropins 

14 way d.i.l. socket 

16 way d.i.l. socket 

Two way connector (for sensor)* 

•see text 
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day is effected by observing the dark to light transition 
at dawn. Phototransistor TR1 forms a potential 
divider with Rl, and the switching level is set by a 
Schmitt trigger. This in turn feeds a monostable which 
provides a short pulse output during the dark to light 
transition. This pulse advances a ring of seven counter, 
as can be seen in Fig. 1. Provision is also made for pre¬ 
setting the day, with an internal pushbutton. 

Because of the exceptionally high input resistance of 
CMOS devices, a small capacitor, isolated by a diode at 
the Schmitt trigger input, immunises the input from 
transient phenomena such as lightning flashes. On the 
prototype, the use of a 0 01/iF capacitor gave an input 
time delay of 15 seconds. 


CONSTRUCTION 

All the components except the l.e.d.s are mounted 
on a fibreglass printed circuit board, the layout of which 
is shown in Fig. 2. The CMOS integrated circuits should 
be fitted last, preferably in sockets, observing all the 
usual precautions when handling these devices. The 
eight way printed circuit connector is a convenient way 
of coupling to the front panel display, but may well be 
replaced by Veropins. It is preferable that the case be 
isolated from the circuit, although not essential. Practi¬ 
cally any connector can be used to plug in the light 
sensor unit, but some will automatically earth the box, 
as in the case of the prototype, which used a phono 
plug and socket. The press to display pushbutton should 
be an easy action microswitch with a large button, and 
th e press to set day switch is a microswitch which should 
be mounted where it cannot be operated accidentally. 
The general layout of the prototype is shown in the 
photograph. 


Fig. 3. Light sensor unit construction 

In the prototype, the light sensor (2N5777) had t' 
flying leads soldered to it, and was cast in clear epoxy 
resin. This was then cast into an opaque body filler 
such as Plastic Padding, to complete the assembly. As 
can be seen in Fig. 3, for maximum sensitivity, the 
sensor transistor had to be mounted at a slight angle to 
expose the sensitive area to incident light. 

SETTING UP 

The main problem concerns the value of resistor Rl. 
This will depend upon the location of the sensor, its 
encapsulation, and the transfer voltage of the cmos 
gate. Initial tests with the 2N5777 showed that it might 
be too sensitive, and the original method of encapsula¬ 
tion was to reduce this sensitivity. But under freak 
weather conditions when the sun rose early in the 
morning, followed by a thick cloud build-up, and then 
the day finally brightening up once more, the gadget 
recorded two days, indicating a lack of sensitivity. In 
the prototype, this was cured by increasing Rl to 
5-6MI2, but a more satisfactory method is to tilt the 
sensor in its casting, so that the sensitive area “looks 
out” at an oblique angle (as in Fig. 3). Rl should 
not be reduced below 680kO in order to minimise 
battery drain. Care should also be taken to see that the 
device does not respond to bright moonlight. 

The Day Indicator has been in successful use for 
some months, and even on dark mornings the reading 
was found to advance at about 8.30 a.m. A good 
direction to aim the sensor is East, but it certainly 
should be pointed well away from artificial sources of 
light. 

Once the device has been preset to the correct day, 
operation simply consists of pressing the pushbutton 
and observing which l.e.d. lights up. -fa 
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FASTER AND FASTER 

The Sun has been turning faster 
and faster on its axis. Since 1967 its 
rotational speed has increased by 
about 5 per cent. According to 
Dr R. Howard of Hale Observatory 
the acceleration is greatest at about 
15 degrees on each side of the equator 
getting less toward the poles. He is 
suggesting that the changes are only 
affecting the photosphere and not the 
lower levels of the Sun. 

Since the Sun is a gaseous body 
the different sectors rotate at different 
speeds. It could be the magnetic 
fields cause the energy differentials 
needed to accelerate the surface gas. 
If the speeding up is part of the 
sunspot cycle process it may be that 
there will be a slowing period to 
follow. It so happens that the quiet 
period of the sunspot cycle has lasted 
much longer with fewer events and 
it may be that this cycle will exceed 
the normal 11 years. 

It is during these special lulls in 
the cycle that other effects have been 
noted. Some of these involve 
changes in the solar atmosphere and 
a greater number of particles pene¬ 
trating the solar system. 

The method used by Dr Howard 
to determine the speeding up, was 
that of the frequency shift of spectral 
lines due to the Doppler shift as one 
edge of the Sun recedes and the 
other approaches the observer. 


SPACE SPYING 

It is not the custom to use Space- 
watch as a political news medium. 
However, the techniques of space 
spying are of interest per se and some 
details are now given. The opera¬ 
tions have been going on for some 
5 years though very little information 
has been made public. 

The satellites used for these 
activities have extremely sophis¬ 
ticated cameras. These cameras 
built by Perkin-Elmer have excep¬ 
tional resolution. It is claimed that 
from a height of 160km individuals 
can be revealed to a degree which 
allows discrimination in dress. In 
other words military personnel can 
be distinguished from civilians. This 
is, of course, dependent on the air 
conditions being still and the cameras 
directed vertically downwards. 

Some thirteen of these Big Bird 
missions have been operated. The 
launching used Titan IIIB’s from the 
site at Vandenberg. The satellites 
have a diameter of 3 metres and a 
length of 15 metres and the weight at 
launching is between 12,000 and 
13,000 kilograms. The orbits have a 



perigee of 160km and an apogee of 
270km. The orbital period is initially 
88-8 minutes. The inclination of the 
orbit is 96 degrees. 


PICTURES 

As the orbits are sychronous with 
the Sun the satellites pass over the 
surface of the Earth at the same time, 
that is local time, each day. The 
lighting conditions are therefore 
reasonably constant and repeat pic¬ 
tures can be obtained. Thus any 
changes during the time between 
revolutions can be determined. This 
enables much easier interpretation 
of these changes. The progress of 
building or marshalling can be 
observed on an hourly basis: 

The use of the low perigee is 
necessary to obtain the high resolu¬ 
tion but brings some disadvantages. 
This is shown in the greatly increased 
drag and consequently rapid decay 
of the orbit. Very frequent use is 
therefore necessary of the manoeuvr¬ 
ing engines to maintain the correct 
levels. Enough fuel is carried by the 
satellites for an operational mission 
of 150 days. These satellites are not 
permitted to enter and burn up in the 
atmosphere but are destroyed at 
command from the ground. 

The field of view of the cameras 
is a very narrow one. Films are 
normally stored in small canisters 
and these are ejected into the 
atmosphere periodically. They des¬ 
cend by parachute toward the Pacific 


and are “snatched” by trapeze-carry¬ 
ing Hercules aircraft. If they are 
missed recovery is possible by 
frogmen. 

Since these satellites have such 
narrow fields another type of satellite 
is required to take the “wide angle” 
view. These satellites are low 
resolution search and find craft. 
They carry video equipment for 
transmission direct to Earth. Because 
of their primary “search” and “find” 
facility they are also used for back 
up missions. They are about 4,000 
kilogram payload vehicles with an 
operational life of something of the 
order of two months. 

Another back up system par¬ 
ticularly for meteorological informa¬ 
tion is the Defence Meteorological 
Satellite System (DMSS). 


RUSSIAN READY FOR 
MORE EVA 

It would seem that the failure of 
the Soyuz/Salyut mission in 1975 
resulted in a change of plan in 
respect of EVA (Extra Vehicular 
Activity). There was to have been an 
attempt at EVA after a long break 
during the 1975 mission. 

The first ever space walk was 
carried out in 1965. The Soviet 
cosmonauts have not attempted one 
since 1969 though America has 
walked space and the Moon since 
then. That this was to have restarted 
with the 1975 mission of Soyuzl 
Salyut was revealed by a Russian 
cosmonaut. 

There has been some information 
about the Soviet attempts to acquire 
space suits of the American type 
but the order was blocked from a 
high level. Since 1971 an emergency 
garment has been worn at critical 
phases of a mission. 

This suit is a very simple one and is 
pressure sealed by a thin rubber 
layer. This is fastened to the wrists 
and ankles by twisting the rubber up 
in the hand and taping off. These 
knots are then sealed off under an 
outer garment. There is no sanitary 
system and such a suit would hardly 
do for normal EVA. 

It is clear from the programmes of 
special training that have gone on 
recently in the Soviet Union and the 
personnel involved (one is a naval 
officer with four years as a com¬ 
mander of deep water divers in the 
Baltic) that something may be 
imminent.* 

•Since the copy was received the Russians 
have announced the launching of a two man 
Soyuz space vehicle. Speculation is that they 
will link-up with their space laboratory for a 
prolonged stay. — Ed. 
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By N. McLeod 


F undamentally, a mobile discotheque consists of a 
light show and a sound system. The light show 
may consist of various medium powered spot-bulbs, 
controlled sequentially, flashing randomly or made to 
pulse with the music, and possibly strobe lights or 
ultra-violet bulbs for extra effect. 

The sound system will comprise two turntables with 
cartridges, some form of mixer, a microphone, a power 
amplifier or two, and a number (usually two) of loud¬ 
speaker cabinets. (The use of two loudspeakers, in 
addition to spreading the source of sound, is sufficient 
to convince most of the listeners that the music is 
stereophonic, whether it actually is or not, and is 
therefore to be recommended!) Let us examine all 
these items in turn, starting with the sound system. 

TURNTABLES 

You need two turntables to produce a continuous 
flow of music. As one record finishes, the next one 
bursts forth, bang on time, at exactly the right level. 

It is essential to be able to control the turntable in 
order to achieve this; anything else is a secondary 
consideration. For example, singles are recorded at 
such high modulation levels as to make most rumble 
relatively inaudible. Delicate arms, with pretty little 
weights dangling on nylon cords, are going to be 
wrecked. Automatic lift-off is tiresome and quite 
unnecessary, since it takes the deck out of your control 
while it performs its function. Cueing arms, which 
lift and lower the pickup onto the record are just a 
joke, unless you don’t mind your records arriving in 
a rather haphazard manner. Besides, if you have a 
shaky hand, disco work is not really for you. All you 
want is a basic turntable that will revolve your records 
at the desired speed, and that will start and stop 
quickly without causing the stylus to jump grooves. 


MOUNTING 

Normally record decks are supplied with springy 
clips to absorb the vibrations caused by movement near 
to the player. However, when they are used in a disco 
console this springy suspension, unless it is very stiff, 
can be more of a hindrance than a help, as any attempt 
to touch the deck causes the stylus to bounce merrily 
over the grooves. 

The best idea is to bolt the decks down securely; 
provided the console rests on a solid table, and the 
hall in which you are playing doesn’t have a bouncy 
wooden floor, you should have few problems with 
records jumping unless someone actually collides with 
you. 


CUEING 

Before you play a record on your disco you must 
cue it. To do this you will need a pair of headphones 
and some means of switching them to the output from 
either turntable regardless of whether it is turned up 
on the' control panel. Check the speed, start the turn¬ 
table and place the stylus at the beginning of the record. 
As soon as you hear the first few notes, stop the turn¬ 
table and wind back to the beginning, plus a further 
quarter of a turn to give the turntable time to run up 
to speed when you start it again. 

Should you miss the start by a few grooves, go back 
and start again. Winding a record backwards under 
a stylus does neither much good, but as a necessary 
evil it should be kept to a minimum. Note that when 
this operation is completed, the whole mechanism 
should be at rest. It should just wait there until it is 
needed. Nor should you have to sit there holding 
anything; your hands should be completely free. 
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turn of “back-cueing”. A switch may be fitted to the 
front panel to rest the motor when the deck is not in 
use, if required. 


CARTRIDGES 

Unfortunately, both for the records and the sound 
quality, many ready-made units come equipped with 
ceramic cartridges better suited to highly budget 
conscious stereo systems than to equipment with any 
pretensions to quality sound. Ceramic cartridges 
have the advantage of being cheap to buy, and cheap 
to keep in stylii. They have the advantage, too, of 
requiring very little circuitry before the pre-fade and 
mixer circuits, but they require a heavy tracking weight, 
generally around four to five grams, with consequent 
record wear. 

Magnetic cartridges are only a little more expensive, 
certainly compared to the cost of a total system. 
They track at less than half the stylus pressure and with 
a suitable RIAA preamplifier provide greatly superior 
sound quality. Something like the Shure M75-B or 
a Goldring G800 would suit systems using a deck of 
the calibre of the Garrard SP25, McDonald MP60 
or similar. 

Choose a cartridge for which you can obtain spare 
stylii easily and cheaply, and always take one with 
you. 


INDIVIDUAL TONE CONTROLS 

After the preamplifier you will have a signal which 
is “flat”, that is with all the frequencies of the original 
recording in their correct proportions. You may, 
however, wish to equalise it by boosting or attenuating 
the bass, treble, or a selected part of the frequency 
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THE SLIP MAT 

Many operators use the slip-mat technique, which is 
very useful within its limitations. The slip-mat is a 
piece of felt slightly larger than an LP, with a hole in 
the middle to fit the centre spindle of the record deck. 
It is placed (not glued) on the turntable between the 
platter and the record, allowing the record to be 
wound back over the felt while the platter is braked. 
When the record is about to be played, the turntable 
is started and run up to speed while the operator holds 
the mat (not the record!). At the appropriate moment 
he releases the mat and off it goes. 

This can be a very effective technique, particularly 
suited to heavy transcription turntables such as the 
Garrard 401. It does have the disadvantage, however, 
that you still have to hold something, namely the mat, 
until the instant when the record is due to go. 


“QUICK-START" MODIFICATIONS 

A method which works very well with cheaper idler- 
driven decks such as the Garrard SP25 is the modifica¬ 
tion of the mechanism for “quick-start” operation. 
First the motor switch operated by the on-off lever 
is shorted out so that the motor is running all the time. 
Then the notch on the “Off-Man” section of the opera¬ 
ting lever should be filed smooth to prevent possible 
jarring of the turntable as the switch lever is operated. 

Finally, any automatic mechanisms should be 
removed and discarded, as they are of little value in a 
disco system, leaving a lever which engages and 
disengages the rubber wheel coupling the motor shaft 
to the turntable platter, and, of course, the original 
speed-change arrangements. An idler deck modified 
in this manner will generally start up to full speed in 
less than a second, requiring only about a quarter of a 
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Fig. 2. (a) Impedance converter for ceramic cart¬ 
ridges. (b) “ crossfade " control, typical arrangement 


range to compensate for deficiencies either in your 
reproducing equipment or in the record itself. This 
will require tone contfols or filters, of a complexity 
largely determined by the contents of your wallet. 

Generally speaking, -though, it should not be 
necessary to equalise each channel independently. 
Any records which are of really atrocious quality 
should not be played, and those with minor short¬ 
comings, together with the limitations of your speakers, 
can be adequately taken care of by one set of tone 
controls after the mixing stage. 

THE MIXER 

The mixer is shown in block form in Fig. 1. There 
are, of course, many variations, but I have tried to 
show most of the facilities that can be usefully employed. 
The RIAA pre-amps are more usually contained 
within the mixer circuitry itself. A ceramic cartridge 
requires less of a pre-amp, but an impedance con¬ 
verter (Fig. 2a) is most useful to enable it to be used 
with the usual values of faders. Note that I have 
shown each record deck as having its own fader, 
capable of being independently controlled from 
maximum gain to zero. I prefer this arrangement to 
the other, common technique of using a single control 
with signals fed in at each end, the output being taken 
from the slider, the so-called “crossfade” control 
(Fig. 2b). 

The trouble with the crossfade arrangement is that 
you can only do just that; it may not be what you want 
to do. You cannot compensate for differing modula¬ 
tion levels on your discs with a crossfade control 
without introducing crosstalk from the other deck. 
Doing it with the master control is abusing its purpose, 
as will be explained later, and the only other way is 
to have a separate “Grams Gain” control, or whatever 
you decide to call it. 

Now if you’re going to have two controls for the 
record decks you may as well have them working like 
all the other inputs or life is going to get very confusing, 
and it’s bad enough already! 

Both record deck faders are taken via mixing 
resistors to the mixing amplifier. Also feeding the 
mixing amplifier I have shown a line input, which can 
be driven by a tape recorder to supply jingles or 
records you do not personally possess. The use of a 
tape recorder in this latter manner is even more illegal 
than using it to tape the records in the first place, and 


of course I am not encouraging you to do this. Far 
better to use it for jingles and announcements to 
expand the entertainment. 

THE MICROPHONE 

I have been to a large number of discos where the 
records are recognisable for their tunes, but the 
intervening announcements have consisted of a totally 
unintelligible squawking noise. Do not use a micro¬ 
phone at a disco unless it is clearly audible. With the 
GPO telephone lines the frequency response is limited 
to between 300 and 3,OOOFIz, yet speech is usually 
quite intelligible even in the presence of interference. 
These, then, are the frequencies that count. An 
extension of the bass response gives fullness to the 
voice, but if overdone makes the sound muddy, and 
greatly increases the noise produced by handling or 
touching the microphone. 

Extending the treble response makes the voice 
crisper and sharper unless taken to the extent where it 
is impossible to increase the gain above a very low 
level without a squeal of feedback. Generally, with a 
good microphone, the pre-amp should have a flat 
response from 300Hz upwards and a steady bass roll-off 
below that frequency. 

It is vital to use the microphone properly. Do not 
let other people make their own announcements; 
either they will nearly swallow the microphone while 
shouting at the top of their voice or they will hold it at 
waist level and murmur to themselves, both being 
equally disastrous. If you can obtain a “pop-shield” 
which fits over the top of the microphone, buy one and j 
use it so that you can speak right up against it without 
introducing the characteristic “popping” sound. 
Failing that, speak directly into the mike from about 
three inches away, clearly and distinctly. You should 
not have to shout; if you do, you have the wrong j 
microphone. 

CHOOSING A MICROPHONE 

There is a vast number of obscure oriental micro¬ 
phones around whose quality is not reflected by their 
appearance or price. If it was, they would be held 
together with string and exchanged for goldfish and 
plastic windmills at the fair. 

Do not buy a microphone you have never heard of 
before until you have actually tried it in operation., 
Failing that, buy from a maker with a proven reputa¬ 
tion for good microphones, like Shure or AKG. The 
AKG D190 is an excellent, though pricey, microphone 
for disco use with its smooth uncoloured sound and 
robust construction, while the Sony range of electret 
microphones produce a clear, crisp sound that is hard 
to beat at the price. 

One warning about electret microphones; do remem¬ 
ber to take the battery out when not in use. It doesn’t j 
last for ever, and when it leaks it makes a horrible mess. 

It is advisable to mount your microphone on a flexible 
“gooseneck” attached to your console so that you can 
adjust it to a position convenient for use, while leaving 
your hands free to work the controls. 

THE MICROPHONE PREAMPLIFIER 

The most important characteristics of a microphone 
pre-amp are a good overload margin and a reasonable 
noise level. A versatile design, which uses negative 
feedback to adjust the gain over a wide range, is shown 
in Fig. 3. It includes a switch to roll-off the bass 
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Fig. 3. Circuit of versatile microphone preamplifier for disco use. It requires ±15V at not more than 25mA. 
The input and output impedances are unaffected by the settings of the controls. VR1 should be set for 
sufficient output from the circuit with VR3 in mid-position, and VR2 should be adjusted for the best tonal 
balance at the output of the whole system 


response and an adjustment to improve the treble 
gain. It also includes a preset gain control to match 
the sensitivity of almost any microphone. 

Note that the output is switched on and off, so that 
the panel gain control can be preset at a level just below 
that which causes feedback and then forgotten about, 
with the switch used to turn the microphone on and 
off when required. 

GROUPING AND AUTOMATIC “DUCKING” 

All the inputs, from records, microphone or tape 
recorder are fed into the mixing amplifier. This is just 
a fairly straightforward amplifier with enough gain to 
allow for the losses in the fader circuits with a bit to 
spare, a low input impedance and a low noise level, 
since any noise it generates will pass into the rest of the 
system. 

If you want to have one of those arrangements 
where the music “ducks” down automatically when¬ 
ever you speak, then the music inputs must be grouped 
together and then the output from the microphone pre¬ 
amp used to control the gain of that group and to feed the 
output separately. When tone controls are used, it is 
also a good idea to have the microphone feeding the 
output separately to avoid it being affected by the 
settings of the tone controls when they are used to 
correct deficient recordings (see Fig. 1). 

LIMITER 

Of all the circuits devised for use with my disco 
set-up the limiter is far and away the most useful. Its 
purpose is to control the output in such a way that it 
will never exceed a certain level, however large the 
input. Used properly it will eliminate most of the 
dynamic range of any material played. Why is this a 
good idea? 

In Fig. 4 the vertical axis is scaled in sound level, 
the further up you go, the louder the environment. 
The slightly wavy line near the bottom of the graph is 
intended to show the residual noise produced in the 
hall by people talking and dancing, together with any 



(c) 


Fig. 4. Running a disco without compression (a) may 
result in the system running into distortion, or in the 
output from a very soft part of a recording being lost 
in noise. 

Compressing the dynamic range (b) makes it easier 
to keep the equipment and the audience happy. A 
long, but not untypical evening's entertainment is 
shown in (c). Note that at no time is the disco short 
of power 
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Fig. 5. Limiter circuit to reduce dynamic range. Output around 250mV r.m.s. maximum for inputs above 
limiting threshold set by VR1. Requires 4 15V at less than 50mA 


other sources of background noise. The straight line 
above it shows the maximum sound level produced by 
your equipment when it is working at the maximum 
volume it can produce without undue distortion. 

Between, and in the first instance occasionally 
crossing the two, is a jagged line indicating the level 
actually produced by your equipment; in the first 
diagram without the limiter/compressor, in the second 
one with it connected in circuit. When the line 
crosses the top one, your equipment is running into 
distortion, and if it crosses the bottom one you are no 
longer properly audible. 

Now although modern records contain a good deal 
of compression already, it is very advantageous to 
compress them still further for disco work to ensure 
that your amplifiers and speakers are always working 


well within their power limits, and that excessive 
settings of the input controls do not really matter very 
much. The less discriminating of disco DJs quite 
often manage to obtain a limiting effect by driving their 
power amplifiers into clipping, but because this 
produces enormous amounts of distortion in addition 
to threatening the life of the output transistors this 
method is definitely out for anyone who cares in the 
least about his sound quality. 

The construction of the limiter (Fig. 5) is not 
critical; 01 in matrix Veroboard is most suitable. 
For stereo use, link together the gain control lines 
(pin 2 of IC1) in the two channels. 

Next month: More on choosing and using disco 
equipment 


CALIBRATION 

Set the range switch in the 1 volt position (A) and 
short together the input terminals. The set zero preset 
VR1 should be adjusted until the display just flickers 
between +0 and —0. (If this won’t work swap the 
ZN424s and try again. If still no success, see the section 
on testing.) . 

A known positive voltage between one and two volts 
should now be connected to the input terminals and 
VR3 adjusted until this voltage is displayed. The input 
voltage should be reversed and VR2 adjusted until the 
display is again correct. VR1, VR2 and VR3 are now 
correctly set and should not need altering again. The 
three input attenuators are set up with an appropriate 
voltage in their range. The accuracy of the calibration 
depends on the reference instrument used, this should 
preferably be another DVM. The calibration is now 
complete and the instrument can be used. 


TESTING AND FAULT FINDING 

Every fault on a piece of electrical equipment is an 
individual case. It is not possible to anticipate every 
condition and cause of faults. Experience gained from 
previous articles show that most faults are caused by 
missing components and interconnections or by mount¬ 
ing components the wrong way round. 

As an aid to fault finding the circuit diagram shows 
voltages at certain nodes, measured using a standard 
AVO 8. These voltages are measured with respect to 
0 volts. ^ 


DIGITAL VOLTMETER 

continued from page 264 
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D.C. MOTOR CONTROLLER 



T he circuit in Fig. 1 gives precise 
control of the speed of a miniature 
d.c. motor. 

Ignoring inductive effects, the d.c. 
motor equation is: 

Vm = IaRa 4- Eb 

Where the back e.m.f. is exactly 
proportional to speed. 

A dummy resistor (R3) equal to 
the armature resistance is used to 
find IaRa. The operational amplifier 
and TR1 produce an output of 
2(IaRa) - Vc. 

Therefore the voltage across the 
motor is: 

Vm = IaRa - Vc 
The control voltage is then equal 
in magnitude to the back e.m.f., and 
is proportional to motor running 
speed. 

A control range of —0-1 volts up 
to -5-0 volts gives a typical speed 



J. Lidster, Darlington, Co. Durham. 



T his network operates a self-clear 
for logic systems when initially 
switched on, thus inducing a condi¬ 


tion which would otherwise be 
rather improbable, due to the 
switch-on transient. 


Master-slave flip-flops are shown 
as an example in Fig. 1, where the 
initial state will occur when all flip- 
flop outputs are at logical zero. The 
initial reset network consists of TRl 
and its associated discrete compo¬ 
nents. Resistors R2 and VR1 are 
arranged as a potential divider, the 
latter being shunted by non linear 
load TRl, whose value depends on 
the voltage developed across Rl. 
Only during the switch-on transient 
of the supply will Cl produce a 
voltage across Rl, and turn on the 
reset transistor-. The resistor VR1 
was chosen to be variable to make 
the design less critical. 

E. V. Dias, 
Lisbon, 
Portugal. 


BISTABLE TOUCH 
SWITCH 


T he circuit of Fig. 1 can be used to 
control mains equipment and is 
not prone to spurious triggering from 
too light a touch or a double touch. 

The device works off the induced 
a.c. mains field which surrounds the 
human body when in a building 
containing a.c. mains wiring. When 
the touch plate is tottched, the stray 
voltage is applied to the gate of TRl, 
which acts as an impedance buffer. 
The a.c. voltage on the drain is 
half-wave rectified by D1 and applied 
to capacitor Cl. The value of Cl is 
selected so that there is a slight delay 
between the plate being touched and 
the bistable changing state, so pre¬ 
venting false triggering. 



The voltage across Cl is applied to 
a Schmitt trigger formed by TR2 and 
TR3. When the trigger threshold is 
reached the collector of TR3 will go 
high, triggering the bistable IC1. 


Output Q at pin 14 of IC1 is fed to a 
buffer stage driving a suitable relay. 

P. S. Robinson, 
Tyldesley, 
Lancs. 
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Part 2 - THE MPU CHIP 



explained 


By R.W. Coles 


The focal point of a microprocessor system is the MPU chip itself, and this is 
reflected in the way complete microprocessor systems are often referred to by the 
MPU chip name or number, regardless of the fact that numerous other chips are 
involved and are quite essential for system operation. 

The MPU chip is of course in charge of the overall system and spends its time 
reading instructions from program memory, interpreting them, and then manipu¬ 
lating the system buses so as to carry out the wishes of the programmer. The 
MPU chip is in effect the “Foreman” of the system, reading the " Plans'' provided 
by the “Architect" or programmer and making sure the “Workforce" in the form of 
peripheral chips like I/O ports, do as they are required by the “Plan" or program. 

We must not take an analogy of this sort too far, because some of the “Workforce" 
are actually embodied in the MPU chip itself, but perhaps this could be explained 
by assuming that the “Foreman" has a “Calculator" and “Notebook" in his pocket 
for use where appropriate when following the "Plan". 

One thing is certain, and that is that the “Foreman" will never act on his own 
initiative, and will always follow his instructions to the letter, even if they are wrong, 
a fact which puts a heavy burden on the programmer. The “Foreman" will be quite 
happy to start building operations in a “Bog" or to put doors on the 10th storey 
which lead out into "mid air"—if instructed to do so by an incompetent " Architect"I 


T he mpu chip is a collection of system components 
which exist inside a single package, and the decisions 
as to which components should be included and which 
not, have to be taken by the semiconductor manufac¬ 
turers themselves, and, needless to say, they do not 
always agree on where the boundary should be drawn. 
Fortunately for us, there is a large measure of agreement 
on the main m£u components, and this makes it possible 
to consider a “Typical” chip and the building blocks 
within. 


A TYPICAL MPU 

Fig. 2.1 shows a block diagram of a typical mpu chip. 
This will be used to examine the function of each of the 
most important internal building blocks in a dynamic, 
rather than a functionally static, way. 

We can start with the assumption that the mpu chip 
has just been “reset” by means of a signal applied to 
its reset input either manually (from a switch) or auto¬ 
matically, from a power-on reset circuit. The reset 
causes the internal mpu registers to be cleared of 
information so that they contain all zeros, and the par¬ 
ticular register of initial importance is the program 


counter because this is connected to the address bus 
which in turn is connected to an external program store 
such as the prom mentioned last month. 

With the address input to the prom being all zeros, 
the very first instruction word is accessed, and this 
prom output data is connected back to the mpu via the 
data bus. What this first instruction word actually is, 
has of course been determined by the programmer who 
is happy in the knowledge that when the mpu “wakes 
up” it always starts in the right place, as required. 

INSTRUCTION REGISTER 

The first (and subsequent) instruction words is (are) 
latched by the mpu in the instruction register, the 
outputs of which are decoded by the instruction 
decoder into a series of control signals which configure 
the mpu to perform the operation specified by opening 
and closing gates and generating clock or shift pulses 
via the timing and control circuits. 

Let us assume that the first instruction was a LOAD 
IMMEDIATE —which means that a constant stored 
in prom in close association .with the instruction itself 
is to be loaded into the mpu accumulator register. 
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CONSTRUCTION METHODS 


PERFORATED BOARD PRINTED BOARDS 


P LAIN perforated board (i.e. without 
any copper track pattern) is 
available in several sizes and can be 
used either by threading component 
wires through the holes, or by using 
tags or pins fitted to holes where 
required. 

In the first form, the component 
wires themselves provide most of the 
connections when soldered together. 
This is really little more than a slightly 
tidied-up, two-dimensional version of 
the familiar “rats-nest” experimental 
circuit assembly. 

When fitted with turret tags (in the 
larger sizes) or terminal pins (in the 
smaller) to provide component anchor- 


S TRIPBOARDS, insulating boards 
carrying a pattern of copper strips 
and pierced with a matrix of holes at 
0-1, 0-15 or 0-2in centres, are useful 
both for prototype construction and 
for final version "one-offs"i 
Several patterns of stripboard are 
now available, single- and double¬ 
sided. The original continuous track 
boards are best for discrete component 
layouts. Track breaks are made using 
the special cutter or a sharp twist- 
drill. Each break made loses the use 
of one hole, which can be wasteful of 
board space. 


ages, perforated board becomes a 
more respectable assembly method, 
particularly useful for simple experi¬ 
mental or development work. Wiring 
is conveniently carried out using bare 
tinned copper wire of about 26 s.w.g. 

Turret tags are single-sided and are 
secured by staking on the underside 
of the board using a die and punch. 
Terminal pins are a push fit in the board 
holes, and may be single- or double¬ 
sided as required. 

Wirewrap pins are now available. 
These also are fixed by staking with a 
special tool, and may be single- or 
double-sided. 


Circuit density can be increased by 
using one of the newer patterns which 
include a mixture of strips and pads. 
These are particularly useful for d.i.l. 

When using long lengths of strip- 
board it is well to bear in mind the 
significant capacitance between 
adjacent tracks. This is, for instance, 
I -3pF/in for the 0-1 in matrix board— 
enough to give a considerable amount 
of unexpected coupling or decoupling 
at high frequencies. 


T HE printed board is an s.r.b.p. 

or epoxy-glass board carrying 
a pattern of copper tracks which 
form the connections between 
components which are soldered to 

A copper-clad board, on which 
the track pattern has been marked 
out in some etch-resistant material, 
is immersed in a bath of etchant. 
For the constructor this will usually 
be a saturated solution of ferric 
chloride. The unprotected areas of 
copper are eaten away, leaving 
the required pattern to be washed 
and cleaned up. Be warned that all 
etchant solutions are highly corro- 

The resist pattern can be pro¬ 
duced with a special pen and ink, 
paint, special transfers, or photo¬ 
graphically using a clad board 
coated with photo-resist. 

Professionally produced boards 
will often be designed so that the 
etched area is as smal i as possible 
this is known as "minimum etch”. 
The more copper that has to be 
removed from each board, the 
fewer boards that can be etched 
before the solution is exhausted. 
Hence, minimum etch is the most 
economical pattern to use. 

Kits for printed board produc¬ 
tion are available from a number 
of advertisers in PE, and will 
usually include full instructions for 
use. We hope to publish an article 
on printed board production in a 
future issue of the magazine. 


STRIPBOARDS 



TWO 
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HEAT SINKS 


Diodes, transistors and integrated 
circuits which dissipate a significant 
amount of power generally require some 
form of heat sink to keep the semi¬ 
conductor junctions at a safe working 
temperature. Either a purpose-built heat 
sink or some other piece of metal can be 
used, or sometimes the device can be 
bolted to the equipment case. 

The size of heat sink required will 
generally be specified for a given device or 
equipment design. A property called 
thermal resistance (symbol 9), measured 
in degrees per watt, is often quoted here. 
The implications of this are really quite 
simple to understand, as the following 
example should show. 

Assume a power transistor with a 
maximum allowable junction tempera¬ 
ture of I25°C (typical of a plastics-case 
silicon device) which is required to 
dissipate 10 watts safely when the 
ambient temperature is 2S°C. The total 
thermal resistance must not exceed 

= io deg/W. 


This total resistance is made up of 
several parts: 9 j- c resistance from 
junction to case, 9 c -hs resistance from 
case to heat sink (usually assumed to be 
zero unless an insulating mounting kit 
is used), and finally the resistance from 
heat sink to ambient. 

If 0j-c is quoted by the manufacturer 
as 6°C/W this leaves a maximum of 
4°CfW to be shared between mounting 
kit (if fitted) and heat sink. If calculations 
produce a negative value for the heat sink 
to ambient thermal resistance, then a 
bigger transistor with a lower 9j- c is 
required! 

Sometimes the semiconductor manu¬ 
facturer quotes a maximum allowable 
device dissipation fora given case tempera¬ 
ture. In this instance he has done part of 
the sum already, but this information 
does not give the user the same flexibility. 

For 16 s.w.g. aluminium, a sheet 
11Omm square is usually quoted as having 
a thermal resistance of about 5°C/W. Up 
to about 2S0mm square, thermal resist¬ 
ance is approximately inversely propor¬ 


tional to area. The figures quoted will be 
increased if the device is mounted to¬ 
wards one edge or corner of the sheet, 
particularly for larger sizes. 

Whatever form of heat sink is used, 
the surface on which the device is to be 
mounted must be clean, flat and free 
from scratches or burrs resulting from 
drilling fixing holes. The smoother the 
surface the better the heat transfer, 
though minor irregularities are filled by 
application of a thin layer of heat sink 
compound (usually silicone based) on the 
mating faces, including those of any 
mica washer used. 

Great care should be taken not to let 
any dirt, swarf or solder blobs stick to the 
compound-coated faces, as these can 
prevent proper contact and so increase 
thermal resistance. This is even more 
vital when a mica, wasjier is used to 
insulate device case from heat sink. A 
solder blob or piece of swarf can easily 
puncture the mica when fixing screws are 
tightened, causing a short circuit between 
case and sink. 


2 CONNECTION METHODS 


SOLDERING 


S uccessful soldering is an art—not 
too difficult to acquire providing 
you know and apply the basic principles, 
but nevertheless an art which some 
technically competent engineers and 
technicians have failed to master. 

The prime requirement is cleanliness, 
both of soldering iron bit and work— 
component leads, tags, printed board, 
etc. Cleanliness here means absence 
not only of dirt and grease but of 
oxidisation on metal surfaces. Visibly 
corroded component leads must be 
scraped using pliers, side-cutters or 
knife blade. For tags, screwdriver tip 
or knife-blade are suitable. The use of 
glass-paper or steel wool is not recom¬ 
mended, because particles can become 
embedded in the cleaned surface, dis¬ 
couraging the free flow of solder. 

After cleaning, surfaces should be 
tinned to discourage further oxidisa¬ 
tion, by melting a thin coating of 
solder onto them. 

Printed boards should not generally 
require any cleaning, especially if 
tinned, but where necessary one of the 
small glass-fibre brushes made for the 
purpose is ideal. 


For keeping the soldering iron bit- 
face clean, frequent wiping on a damp 
sponge is all that is required once the 
bit has been tinned. After prolonged 
use, a plain copper bit will become 
pitted due to absorption of copper by 
the solder used in each joint. The 
original shape of the bit should be 
restored by filing, and the bit then 
retinned. 

There are two ways of overcoming 
this problem of pitting, though neither 
is ideal. One is to use an iron-coated 
bit, though this means it can never be 
filed without removing the coating and 
exposing the copper beneath. The 
second way is to use a solder which is 
loaded with copper—Multicore Sav- 
bit—greatly reducing the rate of wear. 
The disadvantage here is that the 
resulting higher melting point requires 
the use of a soldering iron with an 
increased running temperature. 

Cored solder, where the flux is a 
resin carried in one or more cores 
running through the length of the 
solder wire, is used almost universally 
nowadays for assembly work on elec¬ 
tronic circuitry. The flux performs 



two functions, first to help to remove 
the oxide coatings mentioned earlier. 
The need for the flux to be non- 
corrosive means it cannot be very 
efficient at this job, hence the need for 
mechanical cleaning. The second func¬ 
tion is to help to carry heat from 
soldering iron bit to joint and solder 
before the latter has started to melt. 

The actual job of soldering involves 
bringing the heated ’bit into contact 
with the work—wire(s), tag, printed 
board—to bring it up to a temperature 
where it will melt the solder, which 
is applied to the work, not the bit. 
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Sometimes it may be necessary to 
melt a little extra solder on the bit to 
get a good heat transfer to the joint, 
but the joint itself must be hot enough 
to melt the solder when they touch. 

If the joint is not properly cleaned, 
or not hot enough, solder will form a 
blob instead of flowing over the sur¬ 
faces. This produces a tad connection— 
usually known as a “dry joint”—to be 
avoided at all costs (see Fig. I). The 
finished joint should present a smooth, 
shiny appearance. 

If “whiskers” of solder are drawn off 
by the bit when it is removed from the 
joint, it means there is insufficient 
flux. Feeding a little more cored solder 
to the heated joint should remedy this. 

To prevent the component lead 
moving during soldering, which will 
spoil the joint, some form of mechanical 
joint should be made by bending the 
lead where it passes through tag or 
board. Do not be tempted to make the 
joint too secure, however, or it may 
prove impossible to remove a com¬ 
ponent during subsequent servicing. 

Many components can be damaged by 
application of too much heat in solder¬ 
ing. This applies particularly to semi¬ 
conductor devices. Wherever possible, 
a clip-on thermal shunt or a pair of 
pliers should be used to grip the 
component lead between the body and 
the joint being soldered. Another 



Fig. 1. Anatomy of a soldered joint, 
not flowed over the joint surfaces, 
formed a bond with each surface, 
electrical connection 

important point is to use a soldering 
iron and bit suitable for the job in 
hand. Sufficient heat at the tip to make 
a fast joint without overheating the 
work is what is required. 

For general printed board work, a 
15 watt iron fitted with a bit about 
2-3mm in diameter is suitable, though 
a I mm diameter bit is useful when 
tackling integrated circuits. On tag- 
strips, tag-boards, or for connections 
on large copper areas of printed 
boards, a 25 watt iron with a 5mm bit 
is better. 

Connections to chassis earth tags can 
usually be made satisfactorily with a 
25 watt iron providing heat loss to the 
chassis is reduced by slightly slackening 
the tag securing screw or nut while 
soldering. 

It is useful to have two sizes of cored 
solder available. For most joints on 
printed boards, 22 s.w.g. gives a more 
manageable amount of solder to each 
joint, and also conducts less heat away 
from the joint. The larger 18 s.w.g. is 



(a) A "dry" joint; the solder has 

(b) A good joint; the solder has 
making a reliable, low resistance 


more suitable for the bigger spaces to 
be filled in tag joints. 

From a safety point of view, the 
soldering iron bit should be properly 
earthed. This is important not only for 
the safety of the user, but also for the 
circuits and devices being worked 
upon. Using an un-earthed bit, even 
though there may be negligible leakage 
from the heating element, a consider¬ 
able static charge can build up. This 
charge can spell instant death to MOS 
transistors and i.c.s. 

When installing such devices, it is 
well to work on a metal sheet, such as 
an old tin tray, a large tin lid or even a 
sheet of cooking foil spread out on the 
table top. Place the printed board, 
tools and MOS devices (with their 
protective clips or conductive foam 
kept in position until the moment of 
insertion) on the metal surface. Work 
with your bare wrists on the metal 
surface as much as possible, and earth 
it by touching with the soldering iron 
tip before and occasionally during 
assembly. 


WIRE WRAPPING 


W ITH the advent of microprocessors, 
two wiring methods developed for 
professional applications are acquiring 
a greater relevance for the constructor. 
These are wire wrapping and pen 
wiring. 

In wire wrapping, the stripped wire 
ends are wrapped tightly around long 
posts of i.c. sockets using a special tool. 
Discrete components are fitted into 
header sockets which are then wire 
wrapped. The wrapping action pro¬ 
duces a cold weld between wire and 
post at each sharp corner. 

This system is very quick and pro¬ 
duces an extremely strong, perfect 
joint every time. Wrapping gives 
maximum board capacity, requires no 
critical layout or soldering and is easy 
to use when working from wiring lists. 
The use of sockets minimises i.c. 
handling, 

The wrapping tool is expensive and 
can be used only with a particular 
gauge of Kynar insulated wire, which 
is also expensive. The wire is available 
in one colour only, which makes 
tracing connections difficult. Joints can 
be unwrapped using another special 
tool, but the wire end cannot be 

PEN WIRING 

In pen wiring, i.c.s and discrete 
components are partially soldered into 
place. The interconnections are made 
using insulated wire from the wiring 


pen. Each joint is then soldered, which 
melts the insulation at that point. 

Many of the advantages of wire 
wrapping apply here also: speed of 
wiring, maximum board capacity, no 
critical layout. A very cost effective 
system for one-off circuits. 

A special tool and wire are required, 
although these are generally much 
cheaper than those for wire wrapping. 
The soldered joints require con¬ 
siderable heat to melt the insulation, 



making it inadvisable to connect 
directly to i.c. pins. The wire is not as 
strong as that used for wrapping, and 
is also available in only one colour. 
Some practice in using the pen is 
advisable before tackling major circuits. 
See PE October 1976* for a detailed 
evaluation of wiring pens. 

*We regret that back issues are not 
available. Copies are held at major 
public reference libraries. 







Fig. 2. With about 3mm of wire protruding from the tip of the pen, insert 
wire in hole containing i.c. lead (a); a tight wrap of wire is then made 
around the lead (b); a two turn wrap is then made around the nearest peg 
on the comb (c) which holds the wire and ensures a neat layout when 
wiring to other leads on the chip (d) 
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CRIMPING 


As an alternative connection method to 
soldering, the crimp —o mechanical 
compression joint — is useful because it 
does not require a source of heat. 
Though popular in the electrical industry, 
its use in electronics is limited because it 
can only be used to attach specially 
designed terminations, eyelets, spades, 
blades, etc., to wire-ends. 

Plugs and sockets for crimp connection 
are also available, in both multiway and 
coaxial patterns, though these are gener¬ 
ally confined to professional use. 

The blade type of connector, developed 
originally for the motor industry, is now 


found on some switches and rectifier 
assemblies. Tools for fitting these and the 
eyelets and spades are fairly expensive, 
but not prohibitively so for the con¬ 
structor. 

Like wire-wrapping, crimping depends 
on a cold weld between two metallic 
surfaces for a good connection. To 
produce a satisfactory weld, wire, 
termination and crimping tool must all 
be matched in size. Both insulated 
( sleeved) and uninsulated terminations 
are available and the appropriate tool 
should be used for each. Insulated termina¬ 
tions are colour-coded by size. 


EQUIPMENT WIRES 


Cross* 

Commercial 

Size* 1 * 

sectional 

rating 


mm-’ 

A 

l/0'25(=) 

0 1 

04 

1/0 6 

028 

3 

7/02 

022 

3 

16/0 2 

0 5 

4 

24/02 

0-75 

6 

32/02 

1 

10 

Notes. 

(/) Number 

of strands/diameter of 

strand(s) 

in millimetres. 

(2) Kynar insulated wire 

(30 a.w.g.) for 

wire wrapping. 




METALWORK AND CABINETS 


These days there is no need to 
panic at the thought of having to 
encase electronic circuit boards. 


With only a few tools anyone could 
achieve a professional finish to a 
piece of equipment. 


METAL AND PLASTICS CASES 


P lastics boxes are no doubt the 
easiest to work with from the point 
of view of cutting. They are available 
as just plain boxes, or sloped instru¬ 
ment cases, and come in a variety of 
single or two tone colours, which 
relieves the constructor of having to 
spray or brush on an acceptable paint 

Plastics cabinets are not generally 
suitable for housing circuits which will 
be dissipating lots of heat, unless they 
are well perforated for ventilation. 
Such material is good, however, for 
equipment vyhich will be exposed to 
the elements, as even well protected 
metal boxes begin to corrode 
eventually. 

Metal boxes are often available with 
a sprayed hammer finish in one colour, 
and a plain paint finish of another 
colour on the front panel. These tend 
to be the instrument cabinet types, 
which incidentally, are available in 
considerably larger sizes than their 
plastics counterparts. Also there are 
alloy die-cast boxes, which, like the 
plastics ones, are limited in maximum 
size available. These have no finish, and 
have to be sprayed, but this is no 
problem with the extensive range of 
aerosol paints on sale in motor acces¬ 
sory and d.i.y. shops. 

Metal boxes have the advantage that 
they can be earthed to give excellent 
electrical screening, particularly the 
die-cast types. This may be necessary 
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for some high impedance or high sensi¬ 
tivity circuits, such as preamplifiers, 
and certain logic circuits which may 
be triggered or corrupted by r.f. 
interference. 

Instrument cases have a removable 
front panel, and therefore would be 
used where a control fascia is required, 



whereas a piece of electronics ticking 
away by itself, such as electronic 
ignition, would be best housed in 
a die-cast box. These boxes are 
recommended for any “under the 
bonnet devices” for cars, as they are 
resistant to hostile environment, and 
the accidental clout with a spanner. 


B oxes can be fabricated in sheet 
metal by the more versatile con¬ 
structor, but apart from the cost 
advantage and the additional sense of 
achievement, the average amateur is 
keen to get straight on with the elec¬ 
tronics aspect of the project. 

For those who consider metalwork 
to be part of the challenge, certain 
tools would be necessary. A bench vice 
is essential, and a folding bar along 
with a sheet metal mallet, the latter 
being made of wood or hide to allow 
forming of the metal without creating 
dents. 

There is a temptation to drill holes 
in sheet metal before bending to shape, 
because a flat plate is easier to drill. 
Marking out should certainly be done 
first, but some holes, if drilled prior 
to forming, may become deformed or 
misaligned due to stretching of the 
metal in the vicinity of the bend. 

Having formed the basic parts of the 
box, the next requirement is to clamp 
them together, and this can be done 
by a number of methods. 

FIXING 

One fastening method is the pop 
rivet kit, which usually comprises rivet 
pliers, an assortment of rivets, and a 
suitable drill ( 3-3mm standard). A 
major advantage of this system is that 
two surfaces can be clamped together 
without access to the rear side. Once the 
two holes have been drilled and aligned, 
the correct sized rivet is placid pin first 


METALWORK 






Where a conflict of considerations 
occurs, it should be remembered that 
with the simple robust boxes, the lid 
can still be used as a front panel if 
necessary. Often it is the size of the 
front panel space needed that dictates 
the size of the cabinet, rather than the 
hardware to be hidden behind it. 



Fig. 6. 


into the pliers. Gripping the pliers, the 
rivet body is pushed into the hole as far 
as it will go, and the handles squeezed 
together until the rivet clamps and the 
pin breaks off. If the pin does not break off 
first time, the handles are opened again, 
the tool pushed further down the pin, and 
the operation repeated. Absolutely no 
skill is required. Washers are included 
for fastening soft materials such as 
plastics and leather. 

Straightforward screws and nuts can 
be used, but to maintain a reasonably 
flush outer surface to the box, counter¬ 
sunk screws should be used. 

Aluminium cannot be readily 
soldered, but tinplate can be "sweated” 
together to give quite a strong joint. 
This is done by tinning both surfaces, 
and heating them up while clamped 
together, thus melting the solder and 
fixing the two pieces once the solder 


SIX 
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METALWORK TOOLS 


C utting holes in a front panel will 
generally consist of simple drilling, 
requiring no more than a bench vice, 
centrepunch, hand-brace and a few 
drills. An automatic centrepunch is 


convenient for such light work, being 
an adjustable spring loaded device 
which when depressed, will "jump" 
and punch, thus eliminating the need 
for a hammer. 


SHEET METAL PUNCHES 


Cutting large holes becomes necessary 
from time to time, to accommodate 
for example a panel meter. Holes too 
large for twist drills, or drills larger 
than your hand-brace will take, may be 
cut by a number of methods. 

The easiest to use is the sheet metal 
punch, which comprises a metal "cup" 
and a close fit "cutting piston". The 
former is centre drilled to slide over a 
bolt, and the latter is threaded to 
tighten against the cup. If the cutter 
and cup are placed on opposite sides 
of the front panel, when they are 
tightened together, they form a press 
which forces out a disc leaving a hole. 
Fig. 7 shows a typical Q Max sheet 
metal punch ready to be tightened up. 
From the diagram it can be seen that a 
suitable sized pilot hole must be 
drilled in the front panel first. 



plastics. 


Also available is a I square punch 
(use Key B), and an $" square punch 
(no key necessary). 


DRILL 

Cheap drill sets are available from 
most d.i.y. shops, but if a high quality 
comprehensive range of twist drills is 
preferred, then the Dormer Set 202 
is a good starting point. Sizes range 
from I mm to 6mm, in 0-1 mm steps, 
and with a few supplementary drills 


-DRILLS- 


One range of screws commonly 
used by the home constructor Is 
British Association sizes 0 to 12. Set 
out below is a table showing the BSI 
primary recommended drill sizes for 
tapping and clearance holes to suit 
the BA range of screws. The BS 
secondary recommended sizes (shown 
by *) have been selected where 
necessary to coincide with the Dormer 
Set 202 drill range. 

Tapping 


SC siz" 


size 

drill 


Clearance 

size 

drill 


2 6* 
23* 
20 * 


such as 8-5mm for Q-Max punch pilot 
holes, and other odd sizes found by 
experience, you will be well prepared 
for the average drilling requirement. 

For those lucky enough to possess a 
sturdy bench type power drill, quite 
large twist drills can be considered, 
but for the rest of us, who are lum¬ 
bered with a Stanley 803 handbrace 
and perhaps a pistol drill, those DIN 
socket holes will have to be punched 
or Abrafiled. But there is no problem 
when it comes to the average screw 
tapping and clearance drilling. 


ABRAFILE 

A method of cutting very large, and 
particularly irregular shaped holes is 
the Abrafile. Although it looks 
something like a hacksaw, with a similar 
cutting action, the blade is indeed a 
round file, and can cut in any direction. 
The file is kept under tension by means 
of a frame (which with the correct 
adaptors can be a standard hacksaw 
frame), but before fastening, the blade 
is passed through a pilot hole from 
where it begins cutting. The files come 
in three grades: course, medium, and 
fine, with Abrium hardened helical 
teeth, which the manufacturers claim 
will not only cut sheet metal and 
plastics, but ceramics too! Different 
lengths are available, including nine 
inches (228mm) to fit standard hack¬ 
saw frames. Fig. 8 shows the basic 
arrangement using adaptors. The blade 
has to be inserted the correct way 
round to cut on the forward stroke. 


NIBBLER 

Another device for cutting out large 
intricate sections in sheet metal, is the 
nibbler. This is a hand held guillotine 
which has two advantages over tin- 
snips. Firstly it does not “split” the 
metal, like tinsnips, but chops out long 
thin sections. 

A strong hand with plenty of 
stamina is still required, but at least the 
sheet metal does not twist away from 
the cut, consequently skinning your 
knuckles. The second advantage is 
that by drilling a comparatively small 
pilot hole, the nibbler can commence 
cutting from the centre of a piece of 
metal. Different size and shaped 
blades are available for different 
situations, each quickly inter¬ 
changeable. 
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FINISH 


r IE types of cabinet which require a 
finish to be applied, such as die-cast 
or hand made boxes, can always be 
spray painted (which should be done in a 
well ventilated area). This type of finish 
will not look particularly good unless 
trouble has been taken to avoid screw 
heads protruding on the outside of the 
box. Even with flush countersunk screws 
the slots will be visible. 

The application of a proprietary brand 
of stick on plastics film, such as Fablon or 
Con-Tact, is another method. These tend 
to look good at the outset, but the film 
begins to creep and sometimes even 
shrink after a while. 

Ready sprayed, or tinted plastic boxes 
give the ideal finish, but cost a little 
more on most occasions. 

For equipment which will grace the 
lounge, such as hi-fi, there is little to 
beat the wood finish. If any cabinets are 
worth building by hand, these are, and 
normally the best approach is to fabricate 
the top, sides and bottom from chip¬ 
board, having a metal front panel. A 
metal rear panel is useful too, as it can 
double as a heatsink. Fig. 9 shows a 
typical arrangement, with French polished 
veneer as a finish. 



Alternatively the box could be built 
with Melamite (chipboard with a mela¬ 
mine laminated surface). Strips of self 
adhesive laminate are available for use 
with Melamite, to line the edges of 


sections. These are cut to length, posi¬ 
tioned, and heated with a domestic iron 
to activate the glue. 

ANODISING 

An anodised aluminium front panel 
looks very professional, particularly if 
it is neatly labelled (engraving is ideal). 
However, successful anodising and en¬ 
graving is beyond the scope of the average 
enthusiast, but a passable alternative 
exists. 

A ready drilled front panel, if immersed 
in a fairly strong solution of caustic soda, 
will be attacked, giving a similar finish 
to anodising. The trick is to get an even 
finish by thoroughly degreasing the 
surface, and keeping it free from 
scratches. 

The front panel is protected by Sellotape 
whilst being worked, and peeled off at the 
last minute, prior to degreasing. The 
immersion tub should be glass, as the 
reaction generates considerable heat. 
Progress is watched carefully, and when 
a desirable degree of etching has taken 
place, the panel is removed and allowed 
to dry. The surface will not stand up to 
any prodding until it has been sprayed 
with clear polyurethane gloss. Labelling 
with dry letter transfers and another 
coat of polyurethane completes the job. 

The caustic soda is obtainable in 
crystal form from most chemists. 


FRONT PANEL LETTERING 


B Y far the best method of 
labelling a front panel at low 
cost, is dry letter transfer, as this 
gives a thoroughly professional 
appearance, and requires next to 
no skill to do it! If a piece of equip¬ 
ment is to fit proudly into a lounge, 
or motorcar fascia, then this is 
the stuff to use. It comes in the 
form of semi-transparent sheets 
containing rows of letters, giving 
the complete alphabet many times 
over. These sheets are inexpensive, 
and come in various sizes and 
styles of lettering. 

After the front panel has been 
drilled, and if necessary sprayed, 
legend guide lines should be 
drawn faintly in pencil, to ensure 
that the words build up in straight 
lines around the various controls. 
At this stage of preparation, one 
should take care that lettering 
will not disappear behind flanges 
of switches etc, when they are 
finally clamped on. Also the panel 
should not be allowed to become 
greasy, otherwise the fixative spray 
to be applied later will not take. 
The transfer sheet is placed over 
the panel (facing upwards so that 
the letters are the correct way 
round to read), then each letter to 
be transferred is located in turn, 
and exchanged by rubbing the back 
with a semi-blunt pencil. 


Soon the front panel is con¬ 
vincingly labelled, and all that is 
required is to spray it with virtually 
any clear lacquer aerosol. Polyure¬ 
thane is the most commonly 
used fixing spray, and two or three 
conservative coats will give a 
neater finish than one heavy spray. 

There are two readily available 
forms of letter transfers; Blick 
Dry-Print, which is available 
through Ryman, and Rub-Down 
Magic Letters, which are sold at 
W. H. Smith. Letraset is less widely 
available, and a little more expen¬ 
sive. A suitable aerosol fixative can 
be purchased from Home Radio 



(Components) Ltd, of Mitcham 
(catalogue No ZI97). 

Apart from hand written legends, 
only one other economic alterna¬ 
tive exists for the constructor, and 
that is Dymo labelling. The price 
of labelling machines range from 
very expensive, right down to 
“dirt cheap”. The Dymo Mini 
Labelmaker available through Ry¬ 
man costs little enough, but even 
cheaper is the Winfield Mini 
Labeller sold at F. W. Wool- 
worth. These devices require less 
effort than dry letter transfers, 
but the appearance is far less 
satisfactory. 
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Fig. 2.1. A simplified block diagram of a “typical” MPU chip 


The accumulator is a very important part of the mpu. 
Most instructions use the storage and manipulative 
functions it provides and it is always used to store the 
result of an arithmetic or logical operation. 

Working data which is stored in, or retrieved from, 
external ram memory is always routed through the 
accumulator, as is data intended for Output Ports or 
read from Input Ports. The number of binary bits which 
can be stored by this register is determined by the word- 
length of the particular mpu chip in use, and so for 
example, an eight-bit mpu can store eight bits in its 
accumulator. 


Once the LOAD IMMEDIATE instruction has been 
completed the program counter is incremented to 
address the next instruction in the prom which is inter¬ 
preted as before by the instruction decoder. Let us 
assume that the programmer intends to perform an 
addition sum with the data loaded in step one and some 
other word to be loaded later. 

REGISTERS 

To make way for the second data word it is necessary 
to store the first word away somewhere, and to make 
this easy mpus are provided with a set of internal 


Glossary ol Terms 

ACCUMULATOR—A storage register, where 

arithmetic and logical results are held. A majority 
of mpu instructions operate on, or test, the 
accumulator content. 

ADDRESS BUS—A parallel group of connections 
used to carry binary addresses from the mpu 
chip to memory. 

ALU—Arithmetic and Logic Unit. An essential part 
of a microprocessor where arithmetic and logical 
operations are performed. 

CLOCK—An oscillator which provides the basic 
timing reference for the mpu chip. The clock is 
often crystal controlled. 

DATA BUS—A general purpose bus, or group of 
parallel connections, used to carry instructions 
and data to and from the mpu chip. 

HARDWARE—All the electronic components, 

including the mpu chip, which go to make up a 
microprocessor system (contrast with Software). 

INSTRUCTION DECODER—A logic gating array or 
small ROM internal to the mpu chip used to 
interpret instructions fetched from memory. 

INSTRUCTION REGISTER—A register in the mpu 
chip used to hold instructions fetched from 
memory. 


JUMP—A class of mpu instruction which causes the 
program to leap forwards (or backwards), either 
by a specified amount, or to a specified location. 

LINK—A single-bit register used primarily to hold the 
carry out of the accumulator register during 
arithmetic operations. 

MICROPROGRAM—A program, usually stored 
inside the mpu chip which controls the mpu 
during the basic fetch/execute sequence. 

PROGRAM COUNTER—A special register which 
holds the current memory address. The register 
can be incremented or have its contents replaced 
during jump instructions. 

REGISTER—A general purpose storage location 
which will hold one mpu “Word”. 

SOFTWARE —mpu programs stored on any media: 
even handbooks (and this article) came under this 
broad heading. Programs in rom are sometimes 
called “Firmware”. 


STACK—A last-in-first-out store made up of registers 
or main memory locations and used to store, for 
example, subroutine return addresses. 


SUBROUTINE—A sequence of instructions which 
perform an often required function, coded so that 
it can be called from any location in the main 
program. 


' 


Practical Electronics April 


















registers which vary in number, in name, and in the 
facilities provided depending upon the type of mpu; but 
in every case they can be used for temporary data 
storage. 

The second instruction in our program, then, would 
be an EXCHANGE instruction which exchanges the 
contents of the accumulator with a chosen register, 
effectively storing away the data loaded by instruction 
number one for future reference. 

At this point the program counter is incremented 
once more, and the third instruction is placed in the 
instruction register, ready for execution. The third 
instruction might be another LOAD IMMEDIATE 
which loads a constant associated with the instruction 
into the accumulator, after which the program counter 
is again incremented and the fourth instruction read 
into the mpu. 

Let’s say the fourth instruction is an ADD instruction 
which will add the first data word (in the register) to the 
second data word (in the accumulator) to produce an 
answer which is stored back into the accumulator. 


ARITHMETIC LOGIC UNIT 

To perform the addition we need another mpu com¬ 
ponent termed the arithmetic logic unit (or alu) and 
using our “Building Site” analogy the alu is the calcu¬ 
lator in the “Foreman’s” pocket, which can be used to 
solve problems of an arithmetic, or logical nature. 

The operation of the alu is parallel in nature, which 
is to say that it is presented with two parallel binary 
words on which it performs an addition, subtraction, 
logical and, logical or, or one of a number of special 
“party tricks” which particular mpus usually boast, as 
commanded by the decoded instruction. 

In arithmetic operations it is necessary to produce a 
CARRY or a BORROW output to allow arithmetic 
operations to be cascaded to give a longer effective word 
length and hence greater precision in the result. 

For example, an eight-bit mpu can carry out 32 bit 
arithmetic by using four, eight-bit operations in series 
in the program with the CARRY or BORROW acting 
as the link between the cascaded program steps to ensure 
continuity. The CARRY/BORROW bit is stored in a 
flip-flop or register stage which is closely associated with 
the accumulator and which is often termed the link 
for obvious reasons. 

NO MULTIPLY OR DIVIDE 

A thing to notice about the alU is that multiplication 
and division are not normally included in its capabili¬ 
ties, and these, operations have to be provided by a 
program sequence which controls the mpu in an ADD 
and SHIFT or SUBTRACT and SHIFT routine to 
produce the product or dividend after a number of 
repetitive operations. 

This is a good example of hardware versus soft¬ 
ware. Addition and subtraction are relatively simple 
and so can be easily performed by hardware (the alu), 
but although multiplication and division can be per¬ 
formed by hardware, a large logic array is necessary and 
it becomes much more economic to use a software 
program to achieve the required result, even though it 
takes longer. » 

CLOCK OSCILLATOR 

Our four-step program has now finished the simple 
addition and has used all the major mpu building blocks, 
though by no means all the facilities available of course. 

282 


It is now time to consider the way the mpu coordinated 
its actions so that it was able to control the input of 
instructions and output of data on its internal and 
external data bus and yet avoid conflict. 

The mpu keeps in step in true military fashion, and 
with a precision which would bring tears to the eyes of 
any nostalgic Sergeant Major, not by using the regular 
beat of a military band but by using the regular beat of 
a crystal controlled clock oscillator which may be 
entirely external to the mpu chip or may have only the 
crystal itself external. 

The mpu uses the clock input as a reference to syn¬ 
chronise the sending of address information to the 
memory, the reading of the instruction from the 
memory, and any subsequent use of the data bus and 
address bus called for during the execution of the 
instruction itself. 

THE FETCH-EXECUTE CYCLE 

The mpu, you may have noticed, has to carry out 
some operations in the absence of specific instructions 
from memory, and in fact it has its own internal micro¬ 
program through which it continuously cycles when 
power is applied, and which is intended to instruct the 
mpu to read user programs from memory and carry 
them out in an orderly fashion. 

The sequence of operations controlled by this micro¬ 
program is called the FETCH-EXECUTE CYCLE 
and this cycle is carried out at least once for each 
instruction in the user program. We say at least once, 
because most mpu instruction sets include multiple- 
word instructions which have to be read, or “fetched” 
from memory one word at a time. 

In eight-bit mpu systems a word is termed a byte, and 
the LOAD IMMEDIATE instruction used in our four- 
step example would normally be a “two-byte” instruc¬ 
tion requiring two loops of the FETCH-EXECUTE 
CYCLE microprogram for operation. The first byte 
would inform the mpu that it was a LOAD IMME¬ 
DIATE and that it required a further memory read to 
fetch the data byte from the next prom location in 
sequence. Note that this also requires the program 
counter to be incremented twice, a point ignored in the 
earlier example because in some mpus a LOAD 
IMMEDIA TE can be achieved with only one instruction 
word. 



The Prompt 80, a new microcomputer design aid from 
Intel incorporating a complete microcomputer with 
input keyboard and switches, output displays, a 
powerful 3k byte monitor and a complete EPROM 
programmer 
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Fig. 2.2. Single level subroutine operation 


PROGRAM JUMPS 

In our treatment of the mpu chip so far, it has been 
implicitly assumed that after reset the mpu starts exe¬ 
cuting instructions at address zero, and then continues 
on through the program by incrementing the program 
counter until it runs out of instructions to execute or is 
reset, or comes to a HALT instruction. 

This treatment is adequate to get a “feel” for the way 
an mpu goes about its business, but there is a big 
improvement to be made, and all practical devices 
incorporate this useful facility which is the ability to 
change the program counter address not just by incre¬ 
menting it but also by direct substitution of a new 
address word under program control. 

Changing the program counter contents causes the 
program to continue at an address which may be quite 
unrelated to the step-by-step sequence followed up to 
that point, and is not unnaturally called a JUMP. 

The ways in which various mpu chips execute JUMPS 
and the internal mpu hardware provided to facilitate the 
operation is different in each case, but every mpu has a 
complement of JUMP or TRANSFER instructions in 
its instruction set and they can be used to make deci¬ 
sions ( JUMP IF POSITIVE. JUMP IF CARRY SET) 
or to avoid repeated coding of often used program 
sequences ( JUMP TO SUBROUTINE). See Fig. 2.2. 


JUMP TO SUBROUTINE 

The JUMP TO SUBROUTINE instruction type is 
particularly worthy of note because it has interesting 
hardware and software implications and is a very 
powerful tool in the hands of the programmer. 

It was mentioned earlier that multiplication had to be 
achieved by means of a program sequence of ADDS and 
SHIFTS, and let’s face it, this ends up as quite a lengthy 
and cumbersome section of program which you 
wouldn’t want to write out in full each time a multi¬ 
plication was necessary. With the aid of a JUMP TO 
SUBROUTINE it is possible to write the sequence just 
once and put it in a set of locations which can be 
accessed as a SUBROUTINE whenever necessary. 

The SUBROUTINE can be “called” from any loca¬ 
tion in memory by putting its start address in the 
program counter with a JUMP TO SUBROUTINE 



Fig. 2.3. A two level "nested” subroutine operation 


instruction and then letting it perform the multiplication 
before returning to the main program where it left off 
by restoring the original contents of the program 
counter + 1. 

The action of returning to the main program 
“undoes” the subroutine jump in effect, and most 
mpus have special instructions to achieve this, typically 
RETURN FROM SUBROUTINE or BRANCH 
BACK. Notice that it is necessary to store the current 
contents of the program counter before a JUMP TO 
SUBROUTINE so that the subroutine can be called 
from anywhere in the main program and on completion 
a return to the correct instruction can be achieved even 
though the subroutine may be called many times in a 
particular program. 

PAUSE FOR BREATH 

If you are a newcomer to microprocessors you will 
probably have found the previous paragraphs on sub¬ 
routine jumps quite hard going, and in this case you 
should, for the moment anyway, skip the next section 
which is intended for those who feel a reasonable fami¬ 
liarity with the aims of programming an mpu and can 
see . the usefulness of subroutines and visualise what 
takes place when they are called. 

NESTED SUBROUTINES 

Subroutines are such a useful programming tool that 
they are used a great deal, and many programs are 
written with a short main program consisting almost 
entirely of subroutine calls, and backed by a “Library” 
made up of the subroutines themselves. 

Sometimes a subroutine itself may call another sub¬ 
routine, and this is where a problem can arise if the 
implications are not carefully examined. See Fig. 2.3. 

When the main program calls the first subroutine a 
new address is loaded into the program counter and the 
original content of the counter is stored in (say) a 
register within the mpu so that it can be used by the 
subroutine to return to the main program. If the sub¬ 
routine calls a further subroutine then the contents of 
the program counter must be changed again, and again 
its original contents must be saved so that the second 
subroutine knows how to get back to subroutine one. 


Practical Electr 


April 1977 







































































If the program counter were to be saved in some fixed 
area in the mpu, like a register, then calling the second 
subroutine would overwrite the return address for sub¬ 
routine one in this register and the net result would be 
that the program would get lost, probably ending its 
days in an infinite loop from which it could never exit. 

What is required is some kind of storage area which 
could be used to store a number of these return address 
words, and some mechanism which takes the last 
address stored as the first return address, the last but 
one as the second return address and so on, so that 
without going to any special trouble in writing the 
program, nested subroutines are easily possible and do 
not require a lot of mental gymnastics in their pre¬ 
paration. 


THE STACK 

The type of store just described is termed a stack 
in microprocessor parlance and most mpu chips have, 
or can use, a store of this type to save subroutine return 
addresses. See Fig. 2.4. The Intel 4040 mpu, for example, 
has a “Hardware” stack which can store seven return 
addresses without the direct involvement of the pro¬ 
grammer, and without the need for external ram 
memory. 





Fig. 2.4. Nested subroutines and 
the “stack”. The “stack” is 
rather like a stack of plates in a 
canteen. A JUMP to subroutine 
puts a “plate" on the stack, and a 
BRANCH BACK takes a “plate” 
off. The “plates” are, of course, 
Memory Addresses. If many sub¬ 
routines are nested, the stack 
grows upwards 


Fig. 2.5. The SC/MP MPU chip organisation or flow chart 
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Fig. 2.6. The 4040 MPU chip organisation 


An internal stack of this type is simple and effective 
but is limited in its extent so in larger systems such as 
the Intel 8080 a stack is created in ram and the address 
of the top of the stack is indicated by a register in the 
mpu called a stack pointer. With this arrangement a 



The RCA CDP 1802 single chip CMOS micropro¬ 
cessor and some of the input/output and memory 
support circuits 


return address is stored in external ram at the location 
pointed to by the stack pointer which is then incre¬ 
mented to point to the next available stack level ready 
for further subroutine calls. A RETURN FROM 
SUBROUTINE causes the stack pointer to be decre¬ 
mented and the data last stored to be retrieved and put 
in the program counter. 

The SC/MP microprocessor falls into a unique 
category because as it comes it can only run sub¬ 
routines to one level, having no register stack and no 
automatic stack manipulations for making a subroutine 
call or return. With a few instructions, however, it is 
possible to create one’s own stack in ram which will 
provide all the facilities of the 8080 system for the outlay 
of a little extra software. 

This type of stack is called a software stack and 
because it is created by the programmer, it can be used 
for other jobs too, which makes it a very versatile tool 
indeed when writing programs of the “Data-Processing” 
variety. 

HEAVY GOING 

This Part of “Microprocessors Explained” has, in all 
probability, been rather heavy going for some readers, 
but don’t despair! If one can get a working familiarity 
with the major concepts introduced this month the rest 
of this Series should be fairly easy to digest, and let’s 
face it, before long microprocessors will be a part of 
all our lives and so an early start will pay dividends! 

If you now feel at home with the “Simplified MPU” 
(Fig. 2.1) you might like to have a go at finding your 
way around two “real” mpu chips, the National 
SC/MP (Fig. 2.5) and the Intel 4040 (Fig. 2.6). 


NEXT MONTH: The Instruction Set and how to use 
it. Programming Techniques. 
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WHAT'S IT WORTH? 

Pricing policy is the jungle in 
which many a marketing manager 
has perished. The golden rule is 
to charge what the market will 
bear which broadly speaking is 
what the customer is prepared to 
pay. 

When a unique product is 
brought to the market it can com¬ 
mand a good price. Later, when a 
competitive product appears, the 
original product Is no longer 
unique and in order to maintain 
sales the downward price spiral 
starts. When lots of competitive 
products appear, prices can drop 
dramatically. Lowering of prices is 
often assisted by an increase in 
production giving lower unit costs 
as the product gains wider public 
acceptance. 

The supreme example is elec¬ 
tronic calculators which, since 
being manufactured by the million 
and with intense competition, have 
dropped in price for the simpler 
types by a factor of ten or more 
times since their introduction to 
the market. The same thing is hap¬ 
pening with digital watches. 


UNCONTROLLED 

Unhappily, the system can easily 
get out of hand and we find manu¬ 
facturers doubling production for 
half the profit and then doubling 
again for no profit and then mak¬ 
ing thumping losses. Then, when 
every tenth of a penny has been 
shaved off component prices and 
there are no more savings to be 
made on materials, the only thing 
left to be shaved is labour costs 


and production moves overseas to 
the Far East. 

The horrors of the downward 
price spiral are vividly illustrated 
in the balance sheets of Sinclair 
Radionics. In 1973 there was a 
pre-tax profit of £306,200 on £1-8 
million turnover. In 1974 with a 
more than doubled turnover the 
profit declined to £240,500. In 1975 
with £6-2 million turnover profits 
dwindled to £45,000 and in 1976 
with £5-6 million turnover there was 
a loss of over £350,000. 

The losses last year were mainly 
attributable,, says Sinclair, to the 
Black Watch, launched in Novem¬ 
ber 1975. Having spent £200,000 on 
publicity there were technical prob¬ 
lems with the watch and crippling 
delays in the supply of compo¬ 
nents from sub-contractors. The 
downward price spiral on calcu¬ 
lators was already hurting badly 
and the Black Watch shows how 
costly bad luck or bad manage¬ 
ment, or both, can be. 

Clive Sinclair remains irrepres¬ 
sible. As recently noted in this 
column, he went up-market with a 
nicely packaged calculator in 
rolled gold selling at £60 which did 
rather well. I have since discovered 
that he went further up-market with 
a solid gold model at £2,750 inclu¬ 
sive of VAT. Half a dozen were 
bought by a buyer from the Middle 
East. A gold ingot with a built-in 
calculator gives the buyer the 
advantage that he can instantly 
calculate the day-to-day value of 
his investment by reference to the 
daily gold prices. 


UP-MARKET 

There is a lot to be said for 
going for the high quality end of 
the market, providing you can find 
customers. I was interested to see 
that with watch prices tumbling as 
the digital craze develops, one real 
old-fashioned clockwork watch has 
appeared on the market with a 
price tag of £4,255. And not in 
solid gold or platinum. It hasn’t 
even got a face, only a trans¬ 
parency through which you can 
see in motion a wonderfully deli¬ 
cate movement of great beauty. It 
tells the time, too. 

The new Sinclair Microvision TV, 
launched with enormous publicity 
is also up-market. At 300 US 
dollars (£170 in the UK) it's not 
cheap but while unique it could 
hold the price. Meantime, Sinclair 
is staying in the mass market with 
calculators and watches although 
he has dropped out of hi-fi. 

The popular Oxford range of cal¬ 
culators is made in a Sinclair-con¬ 
trolled plant in Hong Kong but the 
Cambridge range, digital watches 
(an upgraded model) and the 
Microvision are now being built 
in-house at St Ives. Sinclair is also 


staying in instruments with a 4i 
digit multimeter scheduled for pro¬ 
duction later this year. 


WHICH YEAR FOR 
MICROPROCESSORS ? 

The year 1975 was to have been 
the year for microprocessors. Then 
everybody was saying 1976 was 
the year of the microprocessor. 
Perhaps it could be 1977, but 
more likely 1978 before the big 
take-off. And yet the downward 
price spiral is already taking place. 

The Managing Director of Warren 
Point Ltd., Geoff Evans, sees 
enormous activity but very little 
real action in applying microproces¬ 
sor power to a staggering number 
of applications, over 20,000 in 
fact, which have been identified. 
But the expected stampede to use 
the device has turned out to be a 
mere doddle so far. 

He thinks one of the reasons for 
slower acceptance than anticipated 
is the multiplicity of devices avail¬ 
able and the mountain of literature 
supporting them. While lots of 
people are experimenting, few 
want to commit themselves in a 
big way on a microprocessor type 
which may, in the end, be only a 
half-way house or to a standard 
less than or possibly different 
from the final industry standard 
whenever that emerges. 

The very fecundity of ideas in 
the business is, in fact, its own 
worst enemy. The situation should 
improve, says Evans, when one 
manufacturer achieves such domin¬ 
ance in the market that his device 
automatically becomes the industry 
standard. Meantime, the ding-dong 
continues with each contender 
claiming his device is best and 
with prices sinking as one way of 
establishing a market share which 
could lead to domination. 

Eventually, the market leader, 
whoever it may be, will make a 
fortune. When, is a different ques¬ 
tion. But this could be a good year 
for specialist consultants, helping 
clients to thread their way through 
the maze of claims and counter¬ 
claims on specifications. 


MORE CUTS 

Apropos my opening paragraphs 
I note that Commodore Business 
Machines have slashed the price of 
the CBM 5000 5-function digital 
watch from £17-50 to £11-95 as a 
result of "mass production and de¬ 
creased overheads”. Models with 
fancy cases (gilt, chrome, etc.) 
get lesser reduction, suggesting 
that the jewellery on the outside 
already costs more than the works 
inside. The £5 digital watch will 
not be long coming. 
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METER 

By K. E. LANGFORD 


final part deals with the construction, standard¬ 
ising, and use of the pH meter. 

CONSTRUCTION 

An early decision will have to be made as to which 
glass and calomel electrodes shall be used, by checking 
designs from manufacturers’ drawings, since appropriate 
sockets will need to be fitted to the unit quite early on. 
Purchase the electrometer valve (if the valve version is 
to be built), and also the special ceramic or nylon rotary 
switch SI. Decide between using batteries or power 
pack for the supply, and then obtain a die cast box of 
suitable size. The much cheaper aluminium boxes with 
open corners are less satisfactory since screening is 
incomplete. The prototype instrument is housed in a 
die cast box 8-75in x 5-75in x 2-25in (222mm x 
146mm x 57mm). Doram Standard Switch Kits (type 
327428, 327440, plus spacers) are suitable for SI. 


Next, centrally drill the Perspex to accept the socket 
appropriate to the glass electrode, and fix it in place. 
Having finished, strip off the backing paper, wash the 
“window” in tepid soapy water, swill thoroughly, dry 
in warm air, and store in a clean dry box with the valve 
and zero/read switch. These items comprise the input, 
and need not be fitted until all the rough work is com¬ 
pleted, neither should they be fingered or contaminated, 
particularly the switch wafer. 

A little below the lid window, drill the lid and mount 
the positive input socket for the calomel electrode lead. 
An ordinary four millimetre insulated terminal socket 
is satisfactory, and no special precautions are necessary 
apart from cleanliness. To the right of the input, an 
uninsulated earth terminal or socket is mounted in 
direct contact with the lid. Other items to be earthed 
will be connected to the underside of this. 


INPUT TERMINAL 

Near the top left-hand corner of the lid, make a 
circular hole of 1 to l-5in (25-38mm) in diameter, 
using an Abrafile or chassis punch. Clean the internal 
s edges with a half-round file, finishing with emery paper, 
this will take input terminal II, the assembly of which 
Is shown in Fig. 5. 

Obtain some new clean Perspex sheet Ain (l-6mm) 
minimum thickness, and leaving the backing paper 
intact, cut out a circular hole of diameter half an inch 
greater than the diameter of the hole in the box lid. 
This will give a quarter of an inch (6-3mm) all around 
when the Perspex is placed concentrically over the hole. 
Drill three equally spaced (120°) holes around the Per¬ 
spex, and three coincident holes around the lid hole, so 
that the Perspex can be mounted above or beneath the 
lid like a window. Size 6BA nuts and bolts (nylon is 
ideal) complete the fitting. Avoid leaving scratches 
in the Perspex, as these fill with impurities and make 
excellent conducting paths which ruin the input 
characteristics. 



Fig. 5. High insulation assembly used for terminal 
II in the prototype instrument. A simplified version is 
described in the text 
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VALVE SCREENING 

Next make a can for the electrometer valve, using a 
length of half inch diameter domestic copper hot water 
pipe. Cut off a 2-25in length (57mm), and to one end 
solder a disc made from copper foil. A piece of flattened 
copper tube, or even a small bronze coin will do. Clean 
up the edges with a file, wash to remove swarf and flux, 
and dry thoroughly. 

The valve is located in the can either by wrapping it 
round with two inch wide clean polythene sheet to 
take up the slack between the inner diameter of the 
tube and the outside diameter of the valve, or by cutting 
two washers from foam nylon packing material. The 
outside diameter of the washer must be an easy push 
fit into the copper tube, while the centre hole takes the 
valve. Locate a washer at each end of the valve, and to 
prevent the glass contacting the cap end, insert a foam 
nylon disc or a few circles of polythene sheet cut to size. 
Using tweezers, carefully introduce the valve into its 
“snuggery” and store with the rest of the input com¬ 
ponents. 

METER MOVEMENT 

The meter ME1 should be a 0-100 micro-amp 
movement as any other range will make calibration 
exceedingly difficult. Shape or size is immaterial, pro¬ 
viding the case will accept it, the resistance is about 
lkfl, and the accuracy is better than 3%. 

Mount the meter on the lid a little above centre, and 
equidistant from each end. Leave space below for 
switch SI, the zero setting pot, the on/off switch S3, and 
the range switch S2. Make the holes for the meter and 
all the latter components, and work on the lid is almost 
complete. If a power pack is to be used, holes for a 
panel type mains switch and possibly a neon indicator 
will be required. 


The power pack may be located at the top right-hand 
corner of the box itself. The transformer is fixed to the 
base of the box by 6BA countersunk screws from 
beneath. Other holes will be needed for the mains lead 
grommet and a brass saddle to anchor the lead, and for 
a three way barrier strip to terminate the mains. Mains 
earth is taken from the barrier strip to a solder lug 
fastened to one of the transformer bolts by an extra nut. 
The rest of the power pack components can be squeezed 
into the same corner, by mounting them on a piece of 
plain matrix board, and attaching to the side or base of 
the box with stand-off pillars. Extra flexible flying leads 
take the 18 volts d.c. from the power pack to the main 
circuit board rails. 

CIRCUIT BOARD 

Components for the main circuit are mounted on 
matrix board supported by the meter terminals. The 
valve assembly is mounted as near as possible to SI and 
the input terminal, and arranged if possible so that no 
other leads cross the input to the grid. The valve may 
be located on the matrix board by making a copper or 
brass saddle to take the can, and drilling 6BA clearance 
holes at each end, then bolting to the board. To one end 
of the saddle, solder an earth wire, and take the other 
end of this to a solder lug fixed to the underside of the 
earth terminal. At some convenient point, take the 
negative supply rail down to the same connection. Sound 
earthing is essential to 'prevent inexplicable drift 
sometimes encountered when measuring pH at the 
alkaline end of the range. 

No special component layout is called for on the 
main board, but arrange for resistors R8 to R12 to be 
readily accessible, as their values will have to be selected 
during calibration. The prototype layout is shown in 
Fig. 6. 


Fig. 6. Simplified board layout 
for the pH meter circuit, using 
0-25in unclad matrix board 
secured by the meter 
terminals 



Practical Electronics April 

























When soldering the valve lead, use a heat shunt or 
pliers behind the joint. Never solder less than 15mm 
from the seal, and do not bend nearer than 2mm from 
this. Any extension to the grid lead is made with un¬ 
insulated stiff copper wire. The valve lead marked 
N.C. can be cut off at about 2mm from the seal, but 
be sure the correct one is cut. 


CONTROLS 

Dials for the various controls are left to individual 
choice. The prototype was labelled with paper scales 
marked in ink and covered by discs of Perspex fastened 
to the lid with three 8BA bolts, equally spaced around 
the centre hole, and concealed by the boss of the knobs. 
For SI, S2 and S3, pointer knobs were used, and a 
circular one for the zero setting pot VR1. 

Before final assembly, remove all blobs of solder, 
finger marks, and any extraneous material from the 


box, lid, and matrix board, and thoroughly dry in warm 
air. Leave any painting of the box until calibration is 
complete, and the meter is seen to be functioning with 
satisfaction, then completely strip down and apply the 
final finish. 


ACKNOWLEDGEMENT 

The basic circuit of this instrument was published 
some years ago by Mullard Ltd., as a low voltage 
electrometer, and was modified by the author for use as 
a pH meter. 

If a different type of indicating meter is fitted, it 
should be remembered that the current flow between 
XI and X2 should not exceed one milliamp, to prevent 
overloading of the bridge. 

The electrometer valve version has an input resistance 
of 10 10 O per volt, a maximum input voltage of 2 volts, 


F.E.T. ALTERNATIVE INPUT STAGE by M. Abbott 


It was decided to give the constructor an alternative, 
solid state front-end to the author’s original design, and 
this is shown in Fig. 8. The input circuit is very simple, 
and would conveniently replace the valve at a later 
stage if required. 

The i.c. is more expensive than the valve, but does 
give slightly improved linearity, and is available from 
Doram Electronics Ltd. (order code 305-456). 

With the f.e.t. amplifier the input reference level is 
taken from the centre voltage of VR1, by means of the 
two 82k D resistors. This ensures that balancing the 
bridge to zero should automatically be near the centre 
of VR1. The input resistance of the i.c. and consequently 
the instrument as a whole, is 10 14 ohms. The base of 
TR1 is driven directly from the amplifier output, and as 


can be seen, there is no voltage gain, as the circuit is a 
voltage follower. However, unlike the valve input stage, 
there is no 180° phase inversion, therefore the meter 
connections must be reversed. As expected, there is no 
warm up time with the f.e.t. version (not to be confused 
with the electrode equilibrium time), and the function 
of S3 can be reduced to simply “on” or “off”. With the 
mains built unit, S3 can be eliminated altogether, leaving 
the on/off function to the mains switch alone. 


CONSTRUCTION OF F.E.T. UNIT 

Veroboard and other conventional component boards 
are unsuitable for mounting the f.e.t. device, as their 
surface resistance and conductor spacing would shunt 



Fig. 8. Meter circuit with f.e.t. front end. The shaded area remains the same. 
Note the polarity reversal of ME1 
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and the minimum readable input is 0-5mV. A change of 
at least 002pH should be detectable. 


THE ELECTRODES 

Both the pH sensitive glass electrode, and the calomel 
reference electrode will have to be purchased, and will 
constitute the most expensive single items. An ex¬ 
perienced laboratory technician could fabricate a 
calomel electrode, but the purchasing and handling of 
scheduled poisons like mercury and calomel is not 
recommended for amateurs; furthermore, certain items 
would be difficult to obtain retail. Making a glass 
electrode is quite outside the scope of anyone except 
a scientific glass worker, even if the special glass and 
other materials were at hand. 

The most suitable glass electrode for our use is the 
general purpose type, which works well in the range 


0-13pH, but is not recommended for use at low 
temperatures. Since measurements will be taken at 25°C 
(explained later) this constitutes no hardship. The most 
convenient plug termination is either a 4mm plug or 
spade lug. Avoid fittings which will only enter a special 
adapter in the maker’s own pH meter. 

This type of electrode can be purchased as a separate 
unit, and also combined with a calomel reference as a 
dual electrode showing a price advantage, but it 
requires a special socket to take the two leads and earth. 
It also lacks versatility, and can turn out to be more 
expensive in cases of breakage, since the complete unit 
has to be replaced. Separate electrodes are preferable 
as the calomel standard can always be obtained with 
either spade or 4mm connections, and therefore easily 
adapted to the constructed meter. , 

If the glass electrode purchased calls for a double 
socket for lead and earth, then a 4mm plug can be 
substituted for the electrode lead, and earth taken 



the input resistance of the amplifier. However, if a 
piece of Perspex is cut and drilled as detailed in Fig. 9a, 
the i.c. can be mounted on it, as shown in Fig. 9b, and 
the whole assembly could then be mounted at some 
convenient point. 

Once the Perspex tablet has been constructed, it 
should be thoroughly cleaned with methylated spirit 
and wiped with clean dry tissue paper, before mounting 
the i.c. The integrated circuit should of course not be 
fingered too much around the lead-out area, to avoid 
contamination, and should not be cleaned with methy¬ 
lated spirit. 

Location of the f.e.t. assembly should be as close to 
the input switch SI as is practicable, so that all input 
leads can be short. In the prototype it was mounted on 
the end of one of the threaded retaining pillars of SI. 

The only special points relating to wiring, are that 
solder joints to the i.c. should be relatively swift, a heat 
shunt being placed between the joint and the device. A 
pair of pliers' with an elastic band around the handle 
can be used for this purpose. Stiff wire should be used 
for the input signal leads, as this can be encouraged to 
stay clear of other wires and objects more readily, which 
is a good idea even if it is insulated. ★ 



(a) 


(b) 


Fig. 9. Physical construction of the optional f.e.t. module 
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After purchase, the calomel electrode will need 
filling with either distilled water, or saturated potassium 
chloride solution. The latter is made up from the 
analytical quality salt. This salt is a completely innocuous 
substance with no hazards attending its use. ,The salt 
bridge is represented by the porous plug at the end of 
the electrode, which allows a slight bleed of potassium 
chloride solution. During storage, this can be stopped 
by fitting the rubber cap usually supplied with the 
electrode. However, remember it must be removed 
before use, in order to achieve electrical continuity 
within the combined electrode system. 

Maintenance consists of keeping the glass tube 
charged with potassium chloride solution, and an 
occasional wash down on the outside using distilled 
water. For pH work in general a worthwhile investment 
is a small three-hundred cubic centimetre polythene 
squeeze-type wash bottle, from which distilled water 
is quickly and conveniently delivered. 


ELECTRODE STAND 

An easily constructed electrode stand can be made 
as follows: A piece of flat board 152mm x 76mm x 
19mm (floorboard) is centrally drilled to accommodate 
a length of 12mm dowelling, which is then glued into 
place. This centre rod can be 200mm long. An adjustable 
cross piece is cut from wood 127mm x 13mm x 6mm, 
into the flat side of which is screwed centrally a Terry 
clip giving a good sliding fit on the dowel. 

A further two smaller clips, preferably polythene 
coated, to clasp the electrodes, are attached near one 
end of the cross piece 25mm apart. With this simple 
stand the electrodes are held conveniently side by side, 
and can be easily immersed in, or removed from the 
distilled water in which they are stored. The sample 
whose pH is required can then be introduced into the 
beaker, and the electrodes re-immersed. The stand may 
be rendered comparatively waterproof by two coats of 
polyurethane varnish. 


STANDARDISING THE METER 

To carry out the standardisation, an accurate source 
of potential is required. The classical approach is a 
Weston Standard Cell which in its commonest form 
consists of an H shaped glass tube, each limb of which 
houses a reference electrode, one positive and one 
negative, while the cross piece of the H forms a salt 
bridge connecting the two electrolytes. Connections are 
made by platinum wires sealed into the glass, the whole 
cell being sealed from the atmosphere. Its potential at 
20°C is 10183± 6-0001 volts, and it has a negligible 
temperature coefficient. In the form described it .is 
fragile and expensive. 

A much smaller version exists, shaped like a large 
cartridge fuse which can be housed in a special holder, 
connections being made by the end caps. This cell is 
much less expensive than its glass counterpart, produces 
an identical voltage, and delivers a current which must 
not exceed ten micro-amps. One or other of these cells 
is often incorporated in commercial pH meters for 
carrying out standardisation. 

For anyone seeking results of the highest possible 
accuracy, its use is recommended, but for our own 
purpose a cheaper alternative exists. The Mallory 
mercury cell will, after a short initial period of discharge, 
give a potential steady to within 0-01 volts on very light 
load. 
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from the screening of the co-axial cable, with a clip 
wired for the meter earth terminal. Remember that the 
electrode plug must be a good insulator such as nylon or 
polythene, in order to preserve the high input resistance 
of the meter, by preventing a leak path between the 
electrode lead and earth sheath. 

Glass electrodes need conditioning prior to use; 
usually by a twenty-four hour immersion in very dilute 
hydrochloric acid. Follow the maker’s instructions. 
When not in use, the electrodes should be kept covered 
with clean distilled water to a depth of half an inch 
above the glass bulb. A small plastics container such as 
a 50 c.c. polythene beaker is ideal for this purpose. 
Repeated drying out and wetting of the electrode will 
drastically reduce its accurate working life. 

Bulbs are very fragile, and if cleaning is needed to 
remove greasy films, immerse in tepid soapy water, and 
use an old tooth brush to assist the operation. Do not 
use household detergent, as this may temporarily upset 
exchange characteristics and lead to inaccuracy. 







Fig. 7. Voltage reference source for standardising, 
using a Mallory PX1 cell 

Type PX1 has a capacity of 1,000mA/hours, and a 
p.d. of 1-35 volts. When brand new the voltage is 
slightly above this figure, but on discharging it for 
twenty-four hours through a lkfl Joad, it steadies off at 
1 -35 volts. 

This partially discharged cell, when connected into the 
potential divider illustrated in Fig. 7, serves admirably 
as a standard source of potentials for calibration 
purposes. The various voltages obtainable are accurate 
as long as the drain on the cell never exceeds about 12/«A. 


Tablet: METER CALIBRATION RESISTORS 
(100pA, 1 kO movement) used on valve prototype 


Range 

Exact resistance 

0-1 volt 

13,7500 

0-2 volt 

28,8000 

0-14pH 

11,2700 

0-10pH 

7,4200 

0-5pH 

3,0000 


RANGES 

The prototype instrument was constructed with 
different ranges, partly as a challenge to ingenuity, and 
partly to exploit all the positions on the two-pole six¬ 
way rotary switch. The ranges are as follows: 0 to 5pH 
(or 5 to lOpH), 0 to lOpH, 0 to 13pH, off, 0 to 2 volts, 
0 to 1 volt. This order was chosen to offer some sort of 
overload protection, since the two coarsest ranges are 
adjacent to the off position. By using one of the second 
set of poles on S2, the meter is arranged to be shorted 
out in the off position, which greatly reduces needle 
oscillation when the meter is moved. An alternative 
would be to bring out the meter leads to exterior 
terminals on the box, so that ME1 could be used as a 
simple micro-ammeter. When not in use the terminals 
could be linked across. 

Since the current gain varies with components, no 
accurate values can be given for R8 through R12 since 
the exact resistance of ME1 is unknown. As a guide, the 
multiplier resistors used in the prototype using a Ferranti 
0-100/tA meter movement with lkfl resistance, are 
given in Table 1. 


MILLIVOLT RANGES 

For calibration of these ranges, across the appro¬ 
priate contacts of S2 for the range concerned, place a 
preset potentiometer of approximately twice the re¬ 
sistance given for that range in Table 1. Move SI to 
zero position and switch on the mains (power pack 
type). Then rotate S3 to the fully on position, and allow 
five minutes for the instrument to warm up arid stabilise. 
Set the preset to maximum resistance, and turn S2 to the 
2,000mV range. Rotate VR1 until the meter reads zero, 
which ideally should be at centre position. If zero is 
found at an extreme setting, the relative values of R6 
and R7 can be altered to correct this, but their sum 
value must remain the same. 

Next connect the voltage source of Fig. 7 to inputs 
II and 12, observing polarity. Select — 1 '35 volts (output 
G), and switch S2 to the 2,000mV range. Zero ME1 
again, then shift SI to the read position. Adjust the 
preset in series with ME1 until the latter reads 67-5 
micro-amps (i.e. 1 /20th of l,350mV). Return SI to zero, 
and change the voltage source to — 675mV (output D)., 
With SI back to read, check that ME1 reads 33-75 
micro-amps. Slight divergence from this is most likely 
due to inaccuracies within the meter. 

Now zero all switches, remove and measure the 
resistance of the preset, and using a series or parallel 
combination of standard fixed resistors, insert that 
resistance in place of the preset. That range will then be 
calibrated to the scale factor: micro-amps x 20 = milli¬ 
volts. 

Leaving R6 and R7 untouched, repeat the same steps 
to calibrate the l,000mV range. Consult Table 1 for the 
preset value to be used, and set up using the voltage 
source outputs C, D, and E, relating these to the scale 
factor: micro-amps x 10 = mV. 

With the instrument warmed up, drift should be 
small, but always zero the meter between operations. 

pH RANGES 

From the Nernst equation, the following data can be 
calculated: 

At 25°C 

lpH unit = 59'lmV 
2pH „ =118-2mV 
3pH „ = 177-3mV 
lOpH „ = 591 OmV 


It is apparent that the relationship between electro¬ 
lytic solution pressure (E.S.P. in mV) and pH is linear, 
all the E.S.P. voltages being direct multiples of 59-lmV. 
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The value of lpH is temperature dependent; at 0 J C 
it drops to 54-lmV, and at 30°C it rises to 60TmV. 
Consequently pH measurement should be made at the 
original calibration temperature, which in our case is 
the above set of figures (25°C). Lower temperature 
values could be used, but the resistance of the glass 
electrode would increase Sharply. More sophisticated 
commercial meters often have temperature compen¬ 
sation built in, but for this simple device the problem is 
resolved by always working at the convenient tempera¬ 
ture of 25°C, 

None of the exact pH voltages are obtainable from 
the reference voltage source, but since lOpH on the 
lOpH range should be 100 micro-amps for f.s.d., the 
equation: 

225 

59j x 100 = 38-1M 

shows that output B (225mV) from the voltage source 
should read 38-1 micro-amps on the meter, which would 
be 3-81pH. 

Similarly, for output C (450mV) of the voltage source: 

450 

^ x 100 = 76-1M (7-61pH) 

These two positions are nicely spaced for calibration, 
and it is only necessary to carry out the previously 
described procedure to find a suitable multiplier re¬ 
sistor to fix the scale at these two points. 

Because' of meter non-linearities, finding a series 
resistor giving the closest average result from two points 
on the scale, should minimise the chance of fixing 
calibration against a particularly bad deviation from 
ideal within the meter. - 

The range 0-14pH is rarely required by amateurs, but 
can be included as it is useful to quickly find the approxi¬ 
mate pH of a sample before switching to a more 
convenient range. To utilise the maximum deflection- 
of the meter on this range, assume that 98 micro-amps 
is f.s.d-. instead of 100. This is divisible by 14 to give 7, 
so that 7 micro-amps is equal to 1 pH unit, followed by 
multiples up to 98 micro-amps (14pH units). 

As before, using voltage source B: 

225mV must read X 7 = 26-6/tA (3-8pH) 

For the 0-5pH range, and by an artifice, the 5-10pH 
scale, proceed as for the 0-1 OpH scale, substituting 
5pH units instead of lOpH, and modify the equation 
accordingly. For working between 5 and lOpH, the 
zero point has to be artificially offset to zero with a 5pH 
input level. 


USING THE METER 

The recommended basic operational procedure is as 
follows: 

(1) Check that SI is at zero, and S2 is off, along with S3. 

(2) Earth the instrument (battery type), or plug in 
mains. 

(3) Switch on mains (power pack type). 

(4) Rotate S3 to fully on position (valve type). 

(5) Allow five minutes to warm up (valve type). 

(6) Observing polarity, connect in the source of 
potential to be measured. 

(7) Select S2 range, or commence on highest range. 

(8) Set meter to zero using VR1. 

(9) Alter SI to “Read”. , 

(10) Take measurement. 

When a different range is required always move SI to 
zero, set S2 to the new range, zero meter, and finally 
move SI to “Read” again. 

To shut down: 

(1) Set SI to zero. 

(2) Switch S2 off. 

(3) Switch S3 off. 

(4) Turn mains switch off. 

(5) Remove source of potential. 

For pH measurements, the glass and calomel 
electrodes are now used for the first time. The potential 
delivered by the glass electrode is produced by three 
separate elements: (a) the pH dependent voltage gener¬ 
ated by the glass bulb, (b) the difference in potential 
generated where the silver chloride coated silver wire 
dips into the hydrochloric acid within the glass bulb and | 
(c), a peculiar variable not fully understood, called the 
“asymmetric potential” which is of a few millivolts. 
The voltage generated by the inner wire is constant, but 
the asymmetric potential slowly varies, though it may 
be considered stable over the short period involved in 
taking measurements. Its origin is rather obscure, but 
may be related to discontinuities in the special glass 
where alkalis were removed during flame working, 
or to strains remaining after annealing. Although of 
small value, it is usual to allow for it if accurate work is 
contemplated. 

PRECISION WORK 

For precision work then, only the pH dependent 1 
voltage should be measured, and this is done using 
substances of known pH value, called “buffer solutions”. 
Two such buffer solutions are used for most routine pH 
measurements, one to cover the range 0 to 7pH, and the 
other for the range 7 to 14pH. The acid range buffer 
(0-7) is a solution of potassium hydrogen phthalate, 
containing 10-12 grams per litre of the salt. At 25°C its -j 
pH is 4-01. The second buffer is a solution of sodium ! 
tetra-borate deca-hydrate (borax) used at a concentra- j 
tion of 3-8 grams per litre, and has a pH of 9-18 at 25°C. 

A litre bottle of each solution, together with saturated | 
potassium chloride, make up part of the essential 
equipment for readers wishing to carry out pH measure¬ 
ments. The recommended technique for pH measure¬ 
ment is therefore as follows: 

Carry out steps one to five of the operational pro¬ 
cedure. 

Immerse the glass and calomel electrodes in a suitable 
volume of the selected buffer, by raising the stand, 
removing the distilled water, and replacing by buffer 
solution. 

Connect the electrodes to the input (glass negative 
and calomel positive). 
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Allow a minute or so for the glass electrode to come 
into equilibrium with the buffer. 

Select a suitable pH range to cover the sample (not 
buffer) to be tested. 

Set switch S2 accordingly. 

Move SI to “Read”. 

Using VR1, adjust the meter needle to'the value of the 
buffer (not to zero). 

Alter SI to zero. 

Remove the buffer solution and wash both electrodes 
with distilled water, and then immerse them in the 
sample whose pH is to be measured. 

Follow steps nine and ten, after allowing a short time 
for the glass electrode to reach equilibrium. 

After use, wash the electrodes and put them back in 
the distilled water in which they are kept. The small 
amount of buffer may be used again during a measuring 
session if it is not diluted by wash water, but do not pour 
it back into the stock bottle. 


NOTE 

Note that when measuring pH, the meter is never 
zeroed, and with SI at zero, there is always a positive 
reading on the scale. Take note of this value, as it is the 
non pH dependent voltage, and may be restored if VR1 
is accidentally moved during a session. 

Buffer solutions left open will absorb atmospheric 
C0 2 (particularly borax) and alter slightly in value. 
Buffers should be sealed from air and stored in the dark. 


POWER PACK 

The circuit in Fig. 4 (last month) will provide 17 to 18 
volts at about 50mA, and is recommended, as failing 
batteries when not checked will give rise to inaccurate 
results. The values of R1 and R2 are selected to main¬ 
tain regulation during mains voltage variations, and 
produce a Zener diode current of four to five milliamps 
at nominal 240 volts a.c. input. On the prototype, the 
values of R1 and R2 were 20 ft and 290ft respectively, 
and the output potential was 17-2 volts over mains 
variations from 215 to 255 volts.' 


SOIL 

For soil pH measurement, accurate and comparable 
results are only obtained under certain prescribed 
conditions. For the official Ministry method, see 
Bulletin No. 209 “Fertilizer requirements” Appendix: 
Ministry of Agriculture, Food & Fisheries, available 
from H.M. Stationery Office. 

Before testing, the soil is dried in an air oven at a 
fixed temperature. Then a definite amount is weighed 
out and mixed with the correct quantity of distilled 
water, and the electrodes inserted into the fine slurry 
obtained. 

For field work, a mixture is made of volumes 
of soil to 1 volume of distilled water, and well stirred to 
produce a similar slurry. Results between the two 
methods vary by as much as ±0-2pH unit (sufficient to 
seriously affect the yield from a crop of barley!). 


AQUARIUM WATERS 

Measurement is best made by immersing the electrodes 
directly in the tank, avoiding air bubbles from the 
aerator. The pH of the water can then be adjusted while 
watching the meter. The small amount of KC1 diffusing 
out of the calomel electrode during a test is insignificant. 


The temperature of the water will not be 25°C, but 
provided tests are carried out at the same temperature 
each time, results will be comparable. 

Similar remarks apply to measurements made on 
nutrient solutions used in the water culture of plants 
(hydroponics), where acidity is very important. 


PURE WATER AND BUFFERS 

Wherever reference has been made to distilled water, 
the use of de-ionised water is equally good. Melted ice 
taken from the sides of a domestic deep freezer can be 
used, and is free from soluble salts, if not perhaps 
C0 2 . If a large clean plastics container is filled with 
mains water, placed in a freezer, and occasionally 
stirred, the ice produced will be practically pure, 
provided some of the water remains unfrozen at the 
bottom. The product is quite suitable for making up 
buffer solutions. 

Both phthalate and borate buffers can be purchased in 
the form of tablets and sachets containing definite 
weights of the chemical, which when dissolved in the 
correct quantity of water, will make a buffer solution. 


AGEING 

A glass electrode nearing the end of its life becomes 
sluggish, and often reads low at high pH levels. Check 
by buffering at 4 01 and 9-18. A very slow response, or a 
low reading at the second point suggests that a new 
electrode is needed. 

Inorganic films on a glass electrode are best removed 
with hydrochloric acid (50% by volume), while grease 
is dealt with by clean soft tissue. Dehydrating solvents 
such as alcohol or acetone are not recommended, 
neither are household detergents or abrasives. Avoid 
using the glass electrode at temperatures above 50°C in 
solutions of high pH, since attack on the glass is 
accelerated. 


OTHER USES FOR THE METER 

Very small currents can be measured (down to 10~ 9 
amp), by finding the voltage drop across a high 
resistance such as 1 megohm, through which the current 
is passing. 

Potentials between dissimilar metals, a fertile source 
of corrosion, can be measured by connecting a lead to 
each metal, and moistening with water or weak brine. 

Leaking capacitors can be detected or compared with 
a satisfactory component, by connecting them across 
the input, charging to, say, 1-5 volts, and finding the 
time required for the voltage to drop to half its initial 
value. Using a capacitor of low leakage characteristics 
will likewise give a check on the input resistance of the 
meter. 

Another possibility is a pH controlled alarm, giving 
audible warning of pH rise or fall from some preset 
value. The use of a 741 i.c. as a voltage comparator is a 
method of doing this, and could give either blind 
control, or measurement and control together. 

During the last ten years, new electrodes have been 
developed which are sensitive to ions other than 
hydrogen. These are fluoride, nitrate, sulphide, sodium 
and calcium. Using a specially adapted meter, these 
ions, some of which are difficult to determine chemically, 
could be measured using electrochemical methods. 

However the instrument is employed, the inputs 
should be shorted together when not in use, to prevent 
any static charge accumulating. -fa 
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A large number of acoustic musical instruments 
have an amplitude envelope which decays dur¬ 
ing the note, and it is the Transient Generator which 
synthesises this characteristic electronically. The basic 
envelope is illustrated in Fig. 1, and shows which 
components of the profile can be varied. As can 
be seen, first there is an attack up to a peak, then 
a decay down to a fixed sustain level, and then when 
the key is released there is a further decay to^zero. 
The variable parameters are: Attack time, initial 
decay time, sustain level, and final decay time. 


CIRCUIT DETAILS 

The transient generator needs a TTL compatible 
input which is logical “1” when a key is depressed, 
and logical “0” when it is released. Referring to Fig. 
2, ICIc and ICId form an edge-triggered latch, 
which is set via Cl and can be reset via either C2 or 
TR1. When a key is pressed, the latch is set, and the 
output of ICIc goes high. TR2 and TR3 turn on, 
and C3 begins to charge via R6 and VR1, which 
controls the attack rate. The voltage on C3 goes to 
the emitter follower TR7, which provides a low im¬ 
pedance at the output on VR5. 

This rising voltage is fed back via R3 to TR1, 
and when it gets to its peak of about 5 volts, TR1 
passes enough current to reset the latch. This turns 
off the attack part of the circuit, and IClb output 
goes to logical “0”. TR6 turns off and TR5 turns on, 
causing C3 to discharge via R9 and VR3, the initial 
decay time control. This continues until C3 is at the 
same voltage as the wiper of VR4, setting the sustain 
level. The circuit remains stable in this state until the 
key is released. The output of ICla goes high caus¬ 
ing TR4 to turn on. Then C3 discharges to earth 
via R8 and VR2, the final decay control. 

If the key is released before the attack and initial 
decay cycle has finished, the latch is reset by C2, and 
the circuit goes straight into the decay part of the 
envelope. 

A Veroboard layout suitable for this circuit is 
shown m Fig. 3, which also includes the Keyboard 
Tiygger circuitry of Fig. 5, overleaf. 


COMPOHEMTS... 


Resistors 


R1 39k0 

R8 ioon 

R2 15kQ 

R9 ioon 

R3 lOOkfi 

RIO 18kn 

R4 220n 

R11 lOkO 

R5 3-3kO 

R12 10kO 

R6 1000 

R13 1-8kn 

R7 10kO 

R14 4700 AW 

All resistors are iW 5% unless otherwise stated 

Potentiometers 


VR1 1MQ log 

' VR4 1 kO tin 

VR2 1MO log 

VR5 lOkniin 

VR3 lOOkfi log 


Capacitors 


Cl 0-047pF 


C2 0'047u.F 


C3 10pF 15V elect. 


Semiconductors 


TR1, TR2, TR4, TR5, TR6 and TR7 BC108 

TR3 BC158 


IC1 SN7400 

D1 54 V 400mW Zener 



Fig. 1. The Transient Generator amplitude envelope 
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TRIGGER CIRCUIT 

If the transient generator is being interfaced with 
an existing synthesiser, a trigger circuit such as the 
one shown in Fig. 4 should be used. The preset 
should be set to a voltage in between the voltages 
corresponding to “key up” and “key down”, so that 
the comparator changes state to follow the input. 

This circuit is wired for an input which has the 
“key down” voltage higher than the “key up”. If 
the reverse is true, the inputs, (pins 2 and 3) to the 
operational amplifier should be swopped over. 

DIRECT KEYBOARD TRIGGERING 

Keyboard switches can give considerable contact 
bounce problems, and a circuit giving immunity to 
this is shown in Fig. 5. R2 and Cl form a low-pass 
/ filter which reduces the switch-bounce voltages, and 
feeds the signal to ICl which is wired as a Schmitt 
Trigger with a hysteresis of 28 volts. Using this cir¬ 
cuit therefore, the transient generator could be run 
directly from a keyboard. 

REPEAT EFFECT 

The digital signal ’ from either of these trigger 
circuits need not go straight to the transient generator. 
If it is put through an and gate with an oscillator 
providing the other input, a repeat effect can be pro¬ 
duced. A string of envelopes repeating at the fre¬ 
quency of the oscillator can be gated in by the key¬ 
board. In imitating a mandolin for example, a short 
decay down to zero sustain level would be set up on 
the transient generator, and an oscillator frequency 
of about 5Hz would be used. A suitable repeat oscil¬ 
lator is shown in Fig. 6. 

APPLICATION 

The transient generator provides a voltage which is 
used to alter various parameters in a synthesiser. 
It was decided that this was more versatile than 
including a V.C.A. in the module. In its quiescent 
state, the output is at zero volts, 'and goes positive 
when triggered. The envelope generated during its 
operational cycle is then used to patch into a V.C.A. 
or V.C.F. 

One transient generator, with a filter and, say, 
two oscillators, is perfectly adequate for a simple 


NEWS BRIEFS 


Alex Marshall 

A lexander Marshall, founder of A. Marshall (London) 
Ltd. died on Saturday, February 5, following a short 
illness. The new owner of this retail and trade component 
business is the wife of the deceased, Mrs J. L. Marshall. 
The existing management team remain. 

The sad news of Alex Marshall’s death (received just as 
this issue was going to press) was a shock, more especially 
because of the amicable relationship that had grown up 
between his firm and this magazine over the past 10 years. 

The firm was established in Cricklewood, London in the 
late 50’s. Alex’s business acumen was shown in the subse¬ 
quent expansion of his business as evidenced by the increase 
in size of advertisements in P.E. from 1 column inch in 
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synthesiser. A bank of these units, however, with 
each set to control a different aspect of the note, 
would be extremely useful in a large system. 


February 1967 to whole pages in later years, reflecting the 
wide range of components stocked. The opening of 
additional shops in Glasgow, Bristol and Paris was part of 
this success story in the component supply business. 
Constructors have cause to be grateful to Alex for the 
high standard of service he instituted. 

Recently Marshall’s had been closely associated with 
P.E. in organising the Microprocessor Competition and 
Forum. Alex’s tremendous personal enthusiasm for both 
projects and his bountiful gesture in providing prizes set 
an example and gave great encouragement to his co¬ 
sponsors, National Semiconductor and P.E. That he would 
not be there on February 26 to present the prizes was some¬ 
thing we have never of course contemplated. Somehow it 
seems most unfair. 

Our commiserations go to Mrs Marshall and family 
and to all members of the staff of their company in their 
tragic loss. 

The genial countenance and radiating charm of this 
friendly Glaswegian will be greatly missed. 

—F.E.B. 
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Programming a 

MICROPROCESSOR 

By D. B. Johnson-Davies 


With the arrival of low-cost development kits, the microprocessor is no longer just a pipe 
dream as far as the amateur is concerned. Last month the construction of one such kit 
was described: the National Semiconductor SCjMP Kit, and the following article explains 
in detail how to write and run simple programs which do what would otherwise require 
complex circuits of discrete components. The principles covered apply to any micro¬ 
processor, but the examples are specifically for the SC/MP and the article concludes with a 
program for a millisecond reaction timer. 


T HE heart of the microcomputer is the Central Process¬ 
ing Unit—CPU. In the SC/MP kit this is in a single 
40-pin package, and costs on its own as little as £5 in 
quantity. The CPU has been called a "Highly Obedient 
Moron"—it slavishly fetches instructions, interprets them, 
and obeys them; this three-stage process being repeated 
over and over again. The CPU is in no sense intelligent, 
and it takes an intelligent programmer to make it appear 
to behave intelligently. 

BINARY NOTATION 

The instructions tell the CPU to perform certain opera¬ 
tions on numbers, or data. Since the CPU is built out of 
logic circuits operating only with binary numbers it 
requires instructions and data to be presented in this form; 
therefore it is important to understand the concept of 
binary notation. 

In decimal notation we seem to get by with using just the 
ten digits 0—9 for representing numbers as large as we 
please. This is achieved by giving the digits different values 
according to the column in which they occur; a 9 in the 
third column from the right in fact means 9x10 2 . 

Similarly in binary notation the two digits 0 and 1 can be 
used to represent any number, each bit (short for Binary 
Digit) denoting the absence or presence of a different 
power of two. Thus 1100, (the suffix 2 denoting binary 
notation) represents from right to left: 

0x2°+0x2 1 +1 x2 2 +1 X2 3 =12 10 
However strange binary may seem, reflect that 12 10 cannot 
be said to be any nearer to reality (e.g. twelve objects) 
than can 1100 2 ; they are each just notations. 

HEXADECIMAL 

Binary numbers are so awkward to remember and use 
that it is often more convenient to put them into hex (short 
for hexadecimal) notation in which sixteen digits are used: 
Decimal: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Hex: 01 23 4 56789ABCDEF 

By grouping the digits of a binary number into fours 
(from the right) and converting each group into a single 
hex digit, the hex equivalent is instantly obtained. For 
example 11000100 2 =C4 16 . Do not be put off by numbers 
such as DEAD! Unless otherwise stated, all numbers in 
this article will be in hex notation. Remember though that 
however the programmer chooses to represent them, the 
CPU deals only in bits. 

Thus instructions and data are each just one or more 
8-bit (2 hex digit) binary numbers. Each instruction 
corresponds to a different number; for example C4 
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Fig. 1. Conceptual 
block-diagram of the 
main parts of the SC/MP 
Kit. Each memory loca¬ 
tion holds 2 hex digits 
and is specified by an 
address of 4 hex digits. 
The RAM can be loaded 
with any values, denot¬ 
ed by “X", but the ROM 
has fixed contents. The 
seven registers are for 
temporarily holding 
data and addresses in 
the CPU. The key¬ 
board and display are 
interfaced as if they 
were 8 memory loca¬ 
tions 


means "load the accumulator", the accumulator being a 
reg ister for temporarily storing one 8-bit number. The data 
to be loaded is taken as the next 8-bit number; thus the 
instruction C4, 8F will load the accumulator with 10001111.,. 

In the SC/MP CPU all instructions are either one or two 
8-bit numbers long. Encountered in a different context 
though, 8F might be interpreted differently; for example 
as the instruction, it represents "delay”. Instructions and 
data are indistinguishable so the only way the CPU knows 
what to do is by the context. 

The CPU is no use without a memory to contain the 
sequence of instructions to be obeyed—the program and 
the data. 

The OPCODE INDEX OF INSTRUCTIONS (previous 
page) is reproduced from the SC/MP Instruction Guide. 


delay is obtained when the second word and the accumu¬ 
lator both contain FF. Here is a sample program; 

Address; Contents: Comment: 

0F20 C4 \ Load AC with: 

0F21 FF / +255,„ 

0F22 8F \ Delay with: 

0F23 FF / +255,„ 

0F24 3F Exchange P3 and PC 

The last instruction, 3F, causes a jump back into the 
Keyboard Kit Program. The above program is executed 
by pressing GO, entering the start address 0F20, then 
pressing TERM to execute. The display will go blank for 
the duration of the delay; about one third ota second. 


MEMORY 

The memory can be thought of as containing a number 
of locations, each capable of holding two hex digits (8 bits). 
The size of binary number around which the memory of a 
particular computer is organized is termed the word, 
and the SC/MP resembles most other microcomputers in 
having an 8-bit word (large computers commonly have 
32-bit words). Each location of memory can be specified 
by a unique address, which is four hex digits; i.e. it can lie 
between 0000 and FFFF. The CPU can therefore address 
up to 65536,0 words of memory. The word contained in a 
particular location is called the contents of that address. 

Two types of memory are provided in the SC/MP kit: 
a ROM (Read Only Memory), and a Read/Write memory 
commonly called RAM (Random Access Memory) though 
strictly this is a misnomer. The ROM provided has 0200 
locations (=512,„) with addresses 0000 to 01 FF; see Fig. 1. 
This has fixed contents—the Keyboard Kit Program, which 
enables the user to modify the contents of any address in 
the RAM or to begin execution of a program there. The 
RAM provided occupies locations 0F00 to 0FFF, a 
total of 0100 (=256,o), and these can be both written to and 
read from by the CPU. The RAM is used for one's own 
programs and data. 

WRITING A PROGRAM 

Having constructed a microprocessor kit, the owner may 
feel rather helpless since it is difficult to see what is going 
on inside it. Most instructions give unremarkable results, 
and it is necessary to go back and examine the memory or a 
register to see the effect. One instruction in the SC/MP 
Instruction Set is, however, ideal for experimentation; the 
delay instruction 8F. 

• All the other instructions take from 5 to 22 microcycles 
to be executed, where a microcycle is 2 microseconds with 
the 1MHz crystal supplied in the kit. The delay instruction 
can be programmed to take from 13 to 131593 microcycles 
. depending on the value in the second word and, to a 
lesser extent, the contents of the accumulator. The longest 


THE REGISTERS 

The SC/MP CPU contains seven different registers 
which can be used by the programmer, four of these 
holding two words and the other three holding a single 
word; see Fig. 1. These registers can be loaded with 
numbers by the relevant instructions, and each has a 
different role to play in the operation of the CPU. Most 
other makes of microprocessor have at least these 
registers, or close equivalents. 

The most important register is the accumulator, or AC, 
which holds one word. In all, 37 of the 46 instructions 
of the SC/MP use the AC. Instructions are available to 
perform the following operations where the data can either 
be immediate (i.e. given in the second word), or else 
contained in a location specified in some way by the 
second word (see below): 

Load AC with data 
AND AC with data 
OR AC with data 
Exclusive-OR with data 
Add AC to data 
Decimal add AC to data 
Add AC to complement of data . 

Instructions are also provided to exchange the AC with 
other registers, shift the contents of AC, and so on. 

The extension register also holds one word, but is less 
versatile than the AC. It can be specified as the data for 
the instructions listed above. The status register contains 
the carry bit, and five bits controlled by or controlling the 
logic levels or corresponding pins on the microprocessor 
package. 


THE PROGRAM COUNTER 

The program counter or PC contains the two-wofd 
address of the instruction currently being or about to be 
executed. This automatically gets incremented after 
each instruction so that the instructions are read and 
executed in serial order. Sometimes it may be necessary 


Result in AC 
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Fig. 2. Flowchart illustrating how a loop can extend 
the delay provided by the “delay” instruction. By 
convention, in flowcharts squares denote operations 
and diamonds decisions 


to overrule this and jump to a different address. This is 
achieved by adding a number to the PC; for example: 
Address: Contents: Comment: 

0F24 90 \ Jump by: 

0F25 FE / -2 

The jump instruction 90 adds the number in the next word, 
the displacement or disp., to the PC. Since it is useful to 
be able to have negative jumps (as in this example) as 
well as positive ones, the disp. is interpreted by the CPU 
as what is called a twos-complement binary number. 
In this notation the leftmost bit is interpreted as a sign bit; 
if "1" the number is negative; if "0" it is positive. The 
8 bits can then be used to represent the numbers from 
—128io to +127 10 as follows: 

Binary: Hex: Decimal: 

10000000 80 -128 


11111111 FF -1 

00000000 00 0 

00000001 01 +1 

oi i i 1111 7F +127 

One way of looking at it is that FE is —2 in this notation 
since FE+2=00 (ignoring the carry). Thus in the above 
program the instruction executed after 0F25 is not 0F26 
but 0F26 — 2=0F24 again. The program thus loops 
interminably and as such is fairly useless. The most 
useful jump instructions are those which only cause a 
jump if a certain condition is satisfied, such as "jump 
if AC=0”. 

KEYBOARD KIT PROGRAM 


The ROM supplied with the SC/MP kit interprets which 
key has been pressed, displays the address and contents 
entered, and loads new data into the RAM. It also enables 
one to jump to a location and begin execution there. 
Without this program there would be no way of writing 
programs into the memory; but it also serves other 
useful functions. When the Keyboard Kit Program is first 
entered, say by executing the “exchange P3 with PC" 
instruction at the end of a program, it conveniently saves 
the contents of the registers in the top 7 words of the 
RAM before using the registers itself. Similarly before 
executing one's own program following the GO command 
it loads the registers with the values from these locations. 
The locations are assigned as follows: 


Address: 

0FF9 

0FFA 

0FFB 

0FFC 

0FFD 

0FFE 

0FFF 


P1H 


Contents: 
Higher word of PI 
Lower word of PI 
Higher word of P2 
Lower word of P2 
Accumulator 
Extension register 
Status register 


Note that P3 is not included since this contains the return 
address to the Keyboard Kit Program, and so will not be 
used by one’s own programs. The instruction “exchange 
P3 with PC” can be used to force a jump to the Keyboard 
Kit Program from the middle of one's own program by 
exchanging it temporarily for one of the instructions. The 
contents of the registers just before that point can then be 
discovered by examining the relevant memory locations. 


ADDRESSING MEMORY 

Suppose that a certain program needs to add 07 ti 


number at a certain address, say OF60. There is no way 
of doing this in a single instruction; instead the AC must 
be loaded with the contents of 0F60, 07 added, and the 
AC stored back to 0F60—three instructions. How then 
can one specify the location required? The obvious way 
would be to give the full address in the two words after the 
instruction: YZ, OF, 60, where YZ stands for the assumed 
"load" instruction. 

Unfortunately Direct Memory Addressing, as this is 
called, is not available on the SC/MP (unlike the Intel 
8080 or Motorola 6800). Instead Indexed Addressing is 
used; the address is specified relative to the PC or one 
of the three two-word pointer registers PI, P2, and P3 
(see Fig. 1). The second word of the instruction is treated 
as a displacement to be interpreted as a twos-complement 
binary number and added to the pointer register specified 
in the instruction, giving the effective address of the data. 
Using the PC this program can be vvritten: 

Address: Contents: Comment: 

Load AC from PC+ 

Disp. 

Add to AC: 

Data 

Store from AC to PC+ 

Disp. 

Exchange P3 with PC 
Notice that 0F21 + 3F=0F60 and 0F25+3B=0F60 so the 
load and store instructions both address the required 
location. 

By using instead one of the three pointer registers, 
addresses at greater displacements from the current 
instruction than —128 10 to +127 10 can be specified. If all 
the data for a program were stored from OF50 to 0F70, 
one of the pointer registers—say P2—could be loaded with 
0F50 and these locations referred to as P2+0, P2+1, etc. 
P2 is said to point to the area of memory containing the 
data. Using P2 the program becomes: 

: Comment: 

Load AC from P2+ 

Disp. 

Add to AC: 

Data 

Store from AC to P2+ 

Disp. 

Exchange P3 with PC 


0F21 

0F22 

0F23 

0F24 

0F25 

0F26 


0FFB OF Sets P2H 

0FFC 50 Sets P2L 

The contents of 0FFB and 0FFC will, as explained earlier, 
be loaded into P2 by the Keyboard Kit Program. In this 

example the displacement is the si- ! — “ - 

of P2 do not change. 


e since the contents 


LOOPS 

The delay instruction has already been used to give a 
short delay, and several such instructions placed in series 
will of course give proportionately longer delays. A better 
way is to use a loop as shown in the flowchart of Fig. 2. 
This will multiply the delay by 10 (=16 10 ) giving just over 
4 seconds. Location 0F29 is used to count the number of 
iterations, and a conditional jump causes a return to the 
Keyboard Kit Program when this reaches 00. This must 
be set to 10 before re-running the program: 

Address: Contents: Comment: 

0F20 C4 \ Load AC with: 

0F21 FF / Data 
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0F22 8F \ Delay with: 

0F23 FF / Data 

0F24 B8 \ Decrement & load AC 

0F25 04 / from PC + Disp. 

0F26 9C \ Jump if AC^O by: 

0F27 F8 / —8 

0F28 3F Exchange P3 with PC 

/ 0F29 10 Loop counter 

rhe instruction at 0F24, B8, decrements the number at the 
pecified location and loads the AC with the result. By 
hanging the loop counter initial value delays of up to 
7 seconds can be obtained. 


SOUNDS 

Unlikely as it may sound, an ordinary transistor radio is a 
ise'ful tool for the microprocessor programmer. Consider 
vhat happens on running the following program: 

Address: Contents: Comment: 

0F30. 8F \ Delay with: 

0F31 FF / Data 

0F32 90 \ Jump by: 

0F33 FC / -4 

'he program can never exit from the loop, each time 
.imping back to 0F30. On beginning execution at OF30 
he keyboard display will go blank and nothing ostensibly 
appens. Now place the transistor radio near to the 
ircuit board and turn it on. A click of about 3Hz will be 
eard corresponding to each jump, due to radiation by 
he circuit's power supply lines. By decreasing the delay 
arameter at 0F31 a higher pitch may be obtained; for 
xample, 06 gives a note near middle C. More complex 
irograms have been devised to play tunes, and below is a 
irogram that generates a note which rises in pitch more 
nd more rapidly; it is left to the reader to work out how! 

Address: Contents: Comment: 

Load AC with: ' 


0F21 


0F29 

0F2A 

0F2B 

0F2C 

0F2D 

0F2E 

0F2F 


00 


Delay with: 

Decrement & load AC from PC+ 
+0B 

Jump if AC^O by: 

-8 

Decrement & load AC from PC + 
-8 

Jump if AC#0 by: 

-0A 


Decrement & load AC from PC + 
-0A 
Jump by: 

-10 

Loop counter 

Although crude, this method of listening to a computer is a 
seful one; in fact in the early days of computers the radio 
/as a standard piece of fault-tracing gear. For more 
erious music synthesis the flag outputs on the micro- 
irocessor can be fed to the input of an audio amplifier; 
hese outputs are controlled by loading the status register 
/ith suitable numbers. 


JISPLAY INTERFACE 

The keyboard and display look to the CPU just like a row 
if eight consecutive memory locations, 0D00 0D07; see 
: ig. 1. To illuminate a digit, a binary number is stored in 
he location corresponding to that digit (0D00 is the right- 
nost digit). Each of the lower seven bits of the number con- 
rols the illumination of one of the segments of the display 
ligit; when set to “1" the segment is lit, "0" not lit. The 
Dwest bit controls the "a" segment through to the highest 
lut one which controls the “g" segment. 

In this way any combination of the seven segments, not 
inly the numerals, may be formed. Only one display is- 
lluminated at a time. The following program illustrates 
iow this works by generating a character moving along 
he displays and changing as it goes: 



Fig. 3. Flowchart for the millisecond reaction timer 
program, which consists of three basic parts: the 
random delay, the millisecond counter, and the dis¬ 
play section 

Address: Contents: Comment: 

0F20 8F 1 Delay with: 

0F21 40 / Data 

0F22 A8 \ Increment & load AC from PC + 

0F23 02 / +2 

0F24 C9 1 Store AC to PI + 

0F25 00 / Counter 

0F26 90 \ Jump by: 

0F27 F8 / -8 

0FF9 6b Sets P1H 

0FFA 00 Sets P1L 

On entering the program the Keyboard Kit Program puts 
0D00, the first display address, into PI. The displace¬ 
ment at 0F25 selects one of the eight displays, and the 
character is illuminated by the store instruction at 0F24. 

THE DISPLAY ROUTINE 

One part of the Keyboard Kit Program, the Display 
Routine, reads the data in locations 0F00 to 0F07 of the 
RAM and uses these to light up the eight display digits 
in the way just described. This routine cycles repeatedly 
through the eight displays, giving an apparently con¬ 
tinuous display, until a key-press is detected. Then the 
routine jumps either to the address in P3 (if a command 
key was pressed) or to P3+2 (if a number key was pressed). 

Since this part of the ROM is written as a subroutine, 
one's own programs can use it to display the results of 
calculations, interpret key-presses etc. It assumes that 
P2 points to the first digit code, normally 0F00, and it 
takes the eight words as the eight digit codes. By altering 
the value in the P2 register before entering the Display 
Routine, eight codes stored at a different starting address 
can be displayed. 

The exercise in the SC/MP Keyboard Kit Users’ Manual 
demonstrates this; on jumping to 0185 (the start of the 
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Display Routine) the codes previously entered in locations 
0F20 to 0F27 cause “did good” to be displayed. 

Another useful part of the Keyboard Kit Progr 
Address to Segments, takes the two words in P2+0C and 
P2+0E and generates the four segment codes for the four 
-hex digits in them. The final program given below uses 
this, which starts at 015A, to display the reaction time. 

REACTION TIMER 

The following program measures reaction times to the 
nearest millisecond, using one of the keys on the keyboard 
as the response button. After an unpredictable delay of 
between 2 and 30 seconds a segment lights up on the 
display. At this instant the program starts counting in 
milliseconds until the subject presses the “MEM" key. 
Then the reaction time is displayed (in decimal) as four 
digits on the display. Pressing the “0” key resets the 
program for another attempt. The flowchart of Fig. 3 
should make the operation clear. 

Reaction Timer Program 
Address: Contents: Comment: 


Load AC from P2 + 
Disp. 

Exchange AC and E 
\ Delay with: 

) / Data 

Clear carry bit 
Add E to AC 
Jump if AC^Oto P2 + 
Disp. 

Load AC with: 

Data 

Store AC to P2 + 

Disp. 

Store AC to P2 + 



Load AC from P2 + 

Displ. 

Decimal add to AC: 

Data 

Store AC to P2 + 

Disp. 

Load AC from P2 + 

Disp. 

Decimal add to AC: 

0 (and carry bit) 

Store AC to P2 + 

Disp. 

Load AC from PI + 

Disp. 

Add to AC: 

+ 1 

Jump if AC^Oto P2 + 

Disp. 

Load AC with: 

Data 

Exchange AC and P3H 
Load AC with: 

Data 

Exchange AC and P3L 
. Exchange P3 and PC 
Jump to P2 + 

Disp. 

Jump to P2 + 

Disp. 

Sets P1H 

Display & keyboard 


NEWS BRIEF: 


Microprocessors at Seminex ’77 

A t this year’s Seminex London symposium, fror 
April 18 to 22, special attention is being given to th 
developments in microprocessors. 

Held in the main theatre of the Imperial College, thre 
of the five days symposium will be devoted to six session 
(two each day) on various aspects of microprocessor! 
These sessions have been composed in association wit 
SERT and are designed to attract delegates on a one, tw 
or three day basis. 

The microprocessor programme runs from April 19 t 
21 and its contents are as follows: 

Day One— Introduction, Some Microprocesso 
Systems' Day Two— System Development aw 
Design Aids , Latest Developments in Design', Da; 
Three— High Performance Applications, Using th 
Microprocessor. 

Other subjects being covered during the symposium are 
Digital I.C.s (7 papers), Linear I.C.s (8 papers), Hybrid 
and Optoelectronics (6 papers) and Power Semiconductor 
(7 papers). 

Further details and procedure for obtaining tickets t( 
the Seminex ’77 London Symposium can be obtained fron 
Seminex Ltd., 2 Old Stone Link, Ship Street, East Grin 
stead, Sussex, RH19 4EF. 


poims RRismc 


CINE/TAPE SYNCHRONISER (October 1976) 

It has been brought to our attention that the 
motors fitted to some types of cine projector are 
not capable of being started on load. Constructors 
should therefore check that their projectors are 
suitable before using the Auto Start circuit. 


GAMES MACHINE (December 1976) 

In Fig. 3, page 971, the pin connections for the 
plastics encapsulated uA7805 are shown incorrectly. 
Pins 2 and 3 should be transposed. Pin 1 is correct 
as shown. 


CAR EXHAUST MONITOR (January 1977) 

We understand that some readers have been 
experiencing difficulty in obtaining the gas detector 
type TGS 308. This device can be obtained from 
Trampus Electronics Ltd., 58-60 Grove Road, 
Windsor, Berks. SL4 1HS. (See advertisement on 
page 70 of the same issue). 

SOLAR HEATING SYSTEM CONTROLLER 

(February 1977) 

The system shown in Fig. 1 is intended only to 
show the general principles of solar water heating. 
A practical system requires a number of additional 
features, such as expansion and header tanks. 

A list of solar heating manufacturers and install¬ 
ation consultants is published by the International 
Solar Energy Society (UK Division), Royal Institution, 
21 Albemarle Street, London W1. 

In Fig. 4, the track fourth from the top of the 
board should be deleted, and the three tracks above 
it (and their connections) moved down by one space. 
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City & Guilds Certificates 
Telecommunications Technicians 
Radio, TV, Electronics Technicians 
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Radio Servicing Theory 
Radio Amateurs 
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Protect your family from fire and gas- 
leak hazards by making our PW Gas/ 
Smoke Sensor Alarm ! Run from 
battery or mains, it has a sensor unit 
that reacts to smoke, and also to many 
different gases, at preset sensitivity 
levels. 

PW vhf STEREO 
TOUCH-TUNER 

FM, 8 channels, automatic frequency 
control that can be overriden. Constructors, 
remember you get Part 2 of this special 
project in this month's issue! 

DUAL REGULATED 
POWER SUPPLY 

An imaginatively designed double output, 
continuously variable, fully stabilised and 
regulated bench power supply. 


Tune in to 
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JOSTYKIT—a product from Denmark 


Complete digital clock kits 
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TEAK CASES 

prompt order despatch 

NON-ALARM 

£10-65 

+ 85p VAT 

ALARM 

£13-43 

+ £107 VAT 
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Pulse Electronics Ltd 

Dept. PE10, 202 Shefford Road, 



HF 61-2 DIODE MEDIUM WAVE RECEIVER 



HF 305 VHF RADIO-CONVERTER 



HF 385-2 VHF/UHF AERIAL AMPLIFIER 
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MAIL ORDER DIVISION 

P.O. BOX 68, MIDDLESBROUGH, 
CLEVELAND, ENGLAND B1 5CQ 
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ISTORS: Type AEL II Carbon Film 6% 
range (4E7 to 2M2-10M*). Sold in unite of 
iW 7p, fW 8p. Also transistors BC108/9 
per 10. Min. Order £2. Postage 15p plus 
: at 12±% (high rate), large S.A.E. for 
b details to—C.W. ELECTRONICS, Dept. 
10 Kingsley Path, Britwell, Slough, Berk- 
!. We can also supply to the trade, schools, 






SITUATIONS VACANT 


RADIO TECHNICIANS 

Government Communications Headquarters has vacancies for Radio 
Technicians. Applicants should be 19 or over. 

Standards required call for a sound knowledge of the principles of elec¬ 
tricity and radio, together with 2 years experience of using and maintaining 
radio and electronic test gear. 

Duties cover highly skilled telecommunications/electronic work, including 
the construction, installation, maintenance and testing of radio and radar 
telecommunications equipment and advanced computer and analytic 
machinery. 

Qualifications: Candidates must hold either the City and Guilds Tele¬ 
communications Pprt I (Intermediate) Certificate or equivalent HM Forces 
qualifications. 

Salary scale from £2,230 at 19 to £2,905 at 25 (highest pay on entry) rising 
to £3,385 with opportunity for advancement to higher grades up to £3,780 
with a few posts carrying still higher salaries. Pay supplement of £313-20 
per annum. 

Annual leave allowance is 4 weeks rising to 6 weeks after 27 years service. 
Opportunities for service overseas. 

Candidates must be UK residents. 

Further particulars and application forms available from: 

Recruitment Officer, Government Communications Headquarters 
Oakley, Priors Road, Cheltenham, Glos. GL52 5AJ 
_ Tel.: Cheltenham (0242) 21491 (Ext. 2270) _ 
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THE OPEN DOOR TO QUALITY 



PLAIN PAK STRIP 

Patents applied for 

The easiest way to make p/c boards 
without etching. Plain PAK STRIP is a very thin, 
flexible p/c board with a self adhesive backing. Cut 
out shapes with scissors 'or—lay a sheet on to 
paxolin—mark out design with a pencil—cut and lift 
unwanted copper sections with a scalpel or sharp 
model knife. It's so easy you can make a p/c board 
in minutes. 6in x 4in sheet of plain Paxolin, lOp. 
6in x 4jn PAK strip 39p inc. VAT, postage and 
instructions. S.A.E. for details or ask your local 
retailer. 

Print-A-Kit Electronic Supplies 

408 Sharrowvale Road, Sheffield, S11 8ZP 


P.E. JOANNA 

ELECTRONIC PIANO 

ALL PARTS CAN BE 
SUPPLIED 

Keyboard, Keyswitch, P.C.B.S 
Hardware. Semiconductors 
Resistors, Capacitors, Cabinets 
Complete kits or easy stages 
Send S.A.E. for details 

Clef Products 

31 Mountfield Roac 
Bramhall, Stdfckport, Cheshire SK7 1L\ 



INDEX TO ADVERTISERS 







































3 i*SLS5A.“S SMSM EC4 *“ "^^ “■ “ 




















































The new Maplin Catalogue 
is no ordinary catalogue... 



DON’T DELAY 
POST COUPON NOW 
IT COULD BE THE BEST 50p 
YOU'VE EVER SPENT 


mpuim 


ELECTRONIC SUPPLIES 
P.O. BOX 3, RAYLEIGH. ESSEX SS6 8LR 

Telephone: Southend (0702) 715155 















